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Natural gas has the potential to make a significantly larger contribution both to this 
nation's energy supply and its environmental goals. Achieving that potential will take a 
commitment of innovation, leadership, and resources by the industry to overcome challenges 
that arise from its current operations, its history, and its r�gulation. The National Petroleum 
Council concludes that industry has already initiated actions in support of that commitment and 
believes the industry is prepared to continue those activities. 

· 
This study finds that natural gas is uniquely positioned to take on this expanded role for 

three reasons: 

1. Natural gas can be produced and delivered in volumes sufficient to meet expanding 
market needs at competitive prices. 

2 Natural gas is a dean-burning fuel, and can be used in a variety of applications to satisfy 
environmental requirements. 

3. Natural gas is a secure, primarily domestic source of energy that can help improve the 
national balance of foreign trade. 

In addition, much of the groundwork necessary to develop a more competitive and customer
oriented industry has already been laid. 

Perceptions of natural gas that arise from its heavily regulated past represent the greatest 
challenge to be overcome by the industry. In particular, the industry must pay more attention to 
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natural gas' potential. 
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The National Petroleum Council (NPC), an 
advisory body to the Secretary of Energy; has 
completed a study on natural gas, spanning is
sues from production through consumption. 
The Secretary; in his letter to the NPC request
ing this study; specifically asked for: 

(See Appendix A for the complete text of the 
Secretary's letter. ) 

The NPC established a Committee on 
Natural Gas to develop a response to the Sec
retary's request . The Committee was chaired 
by Frank H .  Richardson , President and Chief 
Executive Officer, Shell Oil Company; Houston, 
Texas. Mr. Richardson was assisted by Ken
neth L. Lay; Chairman and Chief Executive Offi
cer, Enron Corp. , who served as Vice Chair
man, Transmission , and Eugene A .  Tracy ,  
Immediate Past Chairman of  the Executive 
Committee, Peoples Energy Corporation, who 
served as Vice Chairman, Distribution. The 
Government Cochairman for the study was 
James G. Randolph, Assistant Secretary for Fos
sil Energy, U.S .  Department of Energy. The 
Committee was assisted by a Coordinating 
Subcommittee and four task groups. (See Ap
pendix B for study group rosters.) 

The response to the Secretary's request has 
taken nearly two years of study and analysis and 
has involved contributions from some 200 individ
uals in industry; government, trade associations, 
academia, and private enterprise. This study has 
brought together representatives from all seg
ments of the natural gas industry (major and inde
pendent producers, transmission companies, lo
cal distribution comp anies, and marketers) as 
well as end users and federal and state regulators. 

Additionally; the study utilized focus group 
interviews with participants representing con
sumer advocates, regulators, various customer 
classes, and the different industry segments. 
The focus group participants were encouraged 
to provide input on where the natural gas in
dustry was not meeting their specific require
ments, what concerns they had about the in
dustry; and suggestions on how the industry 
could improve. These results were considered 
by the NPC study members in analy zing the 
potential barriers to increased use of natural 
gas and developing recommendations for mov
ing the industry toward its goals. 

Results from the study have been assem
bled into six volumes, the first of which is this 
summary of the overall findings and recommen
dations along with the methodology used in con
ducting the study. This Summary volume is sup
ported by reports of each of the four task groups 
created by the Natural Gas Committee. Volumes 
II through V cover Source and Supply; Demand 
and Distribution, 'Itansmission and Storage, and 
Regulatory and Policy Issues, respectively: The 
final volume contairis descriptions of the com
puter models used in the study and selected out
put from the analyses. The Executive Summary 
section of this volume is reprinted as a separate 
volume. Copies of these volumes may be ob
tained from the NPC by using the order form in 
the back of this Summary volume. 
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Over the course of the study. the NPC as
sessed (1) the growth opportunities for natural 
gas under two different scenarios, (2) the eco
nomic potential for satisfying growing demand 
with the domestic gas resource base and avail
able imports, (3) the ability of the transporta
tion and storage system to meet the increased 
demand, and ( 4) how the regulatory environ
ment affects the operations of the industry. The 
NPC further identified actions by government 
and industry that are necessary for natural gas 
to compete effectively for a larger fraction of 
the nation's energy requirements. 

Results from the study have been consoli
dated into four key findings and two categories 
of recommendations. The four key fmdings are: 
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• The natural gas resource base is abun
dant and can be produced and deliv
ered at prices that allow both expansion 
of the market and continued develop
ment of the resource. The study results 
indicate that sufficient new natural gas 
supplies can be delivered at competitive 
prices, even though a substantial portion 
of this gas is in reservoirs that are more 
exp.ensive to develop and require sus
tained real growth in wellhead gas prices 
and time to bring on the new production. 
The continued evolution of technology and 
efficiency improvements combine to re
duce delivered pr ices below what they 
would have been without these advances, 
and tend to mitigate the increasing cost of 
developing the more expensive supplies. 
The study participants believe that, with 
the proper emphasis on research and de
velopment, technology impacts in the fu-

ture will be even greater than evidenced 
in the past. 

• The natural gas market is increasingly 
diverse, with new challenges and op
portunities. Natural gas has potential 
growth opportunities in all existing market 
segments and several new technologies, 
but will face substantial challenges from 
the other traditional fuel sources as well as 
improved energy efficiencies and conser
vation. Regional and site-specific factors 
will be impor tant in deter mining the 
growth potential for natural gas. 

• Increased reliance on competitive mar
ket forces has improved the gas indus
try's ability to serve customer needs in 
a diverse and expanding marketplace. 
New regulatory policies are encouraging 
competition and the natural gas industry is 
responding by providing additional 
value-added services, flexible contracting 
options, and increased attention to cus
tomer needs. Sound management, opera
tional mechanisms, contract diversity; and 
active use of financial markets can work 
together to manage risk and reduce the 
short-term volatility that is likely to occur 
as the industry moves through various 
transitional phases. 

• The gas industry faces significant chal
lenges requiring proactive steps by in
dustry and government, as evidenced 
from the responses of both the study par
ticipants and the focus groups. Potential 
customers are concerned about the ability 
of the industry to deliver gas when and 
where it is needed, particularly during 



times of peak demand. Additionally; the 
industry does not have a good public im
age and has not been sufficiently effective 
in the past at marketing natural gas, in 
spite of its inherent beneficial qualities, 
and has been overdependent on regula
tion for setting direction and resolving 
conflicts. 

The two general categories of recommen
dations that have emerged from the study are 
directed toward gover nment officials and in
dustry; respectively: 

• Federal, state, and local officials need to 
allow competitive market forces to con
tinue to develo p and work. They need to 
promote and support policies and regula
tions that foster customer choice and re
duce regulatory uncertainty; and eliminate 
programs, policies, and procedures, both 
regulatory and environmental, that unduly 
increase the delivered cost of natural gas. 
In addition, regulators and legislators will 
need to exercise restraint during periods 

of price and supply volatility as the indus
try adjusts to the changing marketplace. 

• Industr y needs to make the market 
work. These recommendations involve: 
continued and accelerated development 
of technology and procedures to reduce 
the delivered cost of natural gas; promo
tion and commercialization of new 
end-use technologies; development of 
new and innovative strategies for dealing 
with environmental issues; concentration 
of efforts to improve the reliability of sup
ply and delivery systems; increased cus
tomer focus in marketing; and increased 
leadership efforts. 

The adoption of the principles embodied 
by these recommendations is a necessary pre
requisite to achieving the expectation set out in 
the request from the Secretar y; "that natural 
gas can make a greater contribution to the 
energy security and environmental enhance
ment of our Nation." 
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FINDINGS 

The domestic natural gas industry of the 
1990s finds itself in transition. The industry has 
changed dramatically since the middle part of 
this century when gas was considered a by
product of oil production and a surplus of gas 
stimulated large expansions in transmission 
and distribution systems. These systems were 
historically considered natural monopolies and 
regulated by different entities with little atten
tion to a coordinated, forward-looking energy 
policy. The consumption of gas in the United 
States grew rapidly until the early 1970s and 
then declined due to regulated gas prices and 
the resultant curtailments. The incorrect per
ception emerged that natural gas was a scarce 
commodity; the use of which had to be regu
lated even more tightly. Those fears have 
eased in recent years, and federal regulators 
have responded by removing many of the re
strictions that were hindering the effective and 
efficient operations of the industry. State regu
lators have begun to follow that lead. 

At the same time, there have been 
emerging concerns about the overall growth of 
energy consumption in the nation and the 
world, and about the potential environmental 
impacts associated with that growth. Also, the 
use of short-term, least-cost purchase strate
gies has created uncertainties on both the sup
ply and demand sides of the energy equation. 
Regulator y agencies have begun seeking 
ways to balance energy supply and demand 
through Integrated Resource Planning, which 
includes economic optimization of supply-side 
and demand-side measures. 

These concerns and uncertainties add to 
the complexity of responding to the Secretary's 
request to study the potential for expanding the 
production, distribution, and use of natural gas. 
What will be the overall energy demand levels 
in the United States and the regulatory and 
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economic framework within which natural gas 
will compete with other energy sources? The 
NPC concluded that it could not answer these 
questions with sufficient cer tainty and elected 
to specify two different scenarios for conduct
ing a quantitative evaluation of natural gas 
growth opportunities over the long term. 

The two scenarios are sufficiently different 
to provide independent alternative views of fu
ture energy requirements. The first scenario 
anticipates an environment characterized by 
moderate economic and energy growth, with 
world oil prices increasing gradually in real 
terms. The second scenario anticipates more 
limited economic and energy growth, charac
terized by increased emphasis on energy effi
ciency and conservation, with world oil prices 
staying at or near today's level in real terms. 
Both scenarios are believed to be realistic and 
neither is considered the more likely projection 
of future requirements. 

· 
The principal time frame covered by the 

study extends to the year 2010. This time hori
zon was considered the minimum needed for 
investment decisions, which span 10 to 20 
years and depend on projections of long-term 
supply. In addition, the supply of natural gas 
was examined for its ability to satisfy potential 
domestic gas demands to the year 2030 at vari
ous assumed price levels. 

The NPC used a set of supply; transporta
tion, and demand models to estimate the future 
natural gas supply/demand balance and resul
tant equilibrium gas prices under each sce
nario. These results should not be interpreted 
as forecasts of prices or volumes, but rather as 
reasonable projections of what could occur un
der the assumed scenarios. Under the sce
nario with moderate energy demand growth 
(Reference Case 1), natural gas reaches ap
proximately 25 quadJillion British thermal units 



(QBTU) by 20 1 0, a 25 percent increase from 
the 1 991 level. This growth represents supply, 
transportation, and demand in economic equi
librium at natural gas wellhead prices that rise 
gradually by 20 1 0  to about $3.50 per million 
BTU (MMBTU [ 1 990$]) . Under the scenario 
with low energy growth (Reference Case 2) , 
natural gas maintains its relative market share 
with 7 percent growth by 20 1 0 . The wellhead 
gas price required to balance supply and de
mand in this case is projected to rise to about 
$2.75 per MMBTU ( 1 990$) by 20 10 .  

As a consequence of  selecting this 
long-range focus for the study; short-term fluc
tuations around these trends are not addressed. 
Some price and volume volatility is natural, es
pecially as industry moves through various 
transition per iods. New risk allocation ap
proaches using freely negotiated contracts 
rather than regulation will allow both the indus
try and its customers to handle volatility more 
effectively than in the past. As the changes 
foreseen and recommended in this study take 
hold, a more effective, competitive, and stable 
industry will emerge. 

There are significant opportunities for natu
ral gas to increase its share of the nation's energy 
consumption. However, all industry participants 
will have to work hard to continue providing qual
ity service to existing customers and to address 
and overcome several obstacles with potential 
new customers. Increasingly; industry partici
pants understand and are accepting the respon
sibility of addressing customer concerns and be
lieve all obstacles can be overcome. 

The results from the study are contained in 
the fmdings and recommendations that follow. 

Availability of Natural Gas 
Supplies 

The United States has a vast and diverse 
natural gas resource base and estimates of the 

recoverable portion continue to grow with pro
duction exper ience and technological ad
vances. The NPC concludes that this trend is 
likely to continue through at least the 20 1 0 time 
horizon of this study, and estimates the techni
cally recoverable resource at l ,295 trillion cu
bic feet (TCF) for the lower-48 states alone. 
Some 600 TCF of this gas is expected to be re
coverable at wellhead pr ices of $2 . 50 per 
MMBTU (1990$) or less. However, production 
of this gas occurs over an extended period of 
time and, to satisfy a growing demand, other 
portions of the resource will need to be devel
oped concurrent with the production of the less 
expensive gas. 

Characterization of the Natural Gas 
Resource Base 

The natural gas resources represent a di
verse mix of opportunities (Table l). Substantial 

TABLE 1 

NATURAL GAS RESOURCE BASE 
FOR THE LOWER-48 STATES 

(Trillion Cubic Feet) 

Proved Reserves 

Conventional Resources 

160 

Reserve Appreciation 203 
New Fields 413 

Subtotal 616 
Noneonventlonal Resources 

Coalbed Methane 98 
Shales 57 
Tight Sands 349 
Other 1 5  

SUbtotal 519 
Total Resources 1,295* 

*Tectinically recoverable resource base as of 
January 1, 1991, assuming that current access 
moratoria expire as scheduled and lncot:porating 
techliology advancement through 2010. Assuming 
various price levels, with current and advancad 
technology, yields the following total resource 
estimates: 

Price 
� 

Unspecified 

$3.50/MMBTU 

$2.50/MMBTU 

Recoverable Resource Base 
LIQEl 

1990 2010 
IiQbcQIQ.Ql£ Iil!<b!lS212W£ 

1,065 1,295 
600 825 
400 600 

5 



reserve growth and exploration prospects re
main in conventional, historical producing areas, 
and there is important potential in new areas 
such as the increasingly significant Norphlet 
trend in the Gulf Coast Basin. Nonconventional 
resource opportunities include coalbed 
methane, shale gas, and gas in tight sand forma
tions in major basins throughout the United 
States. 

Figure 1 illustrates the dynamic, growing 
nature of the recoverable resource base. The 
1 60 TCF of currently proved reserves repre
sent, and should be perceived as, an inventory 
ready to contribute to near-term production. 
The proved reserves are backed up by another 
1 , 1 35 TCF of resources that can supplement 
and replace the proved reserves as they are 
produced , given sufficient price and technol
ogy growth. The inventory of proved reserves 
is expected to remain at an approximate 1 0  
year supply; a level that has been the industry 
norm for the past 1 5  years. 

A significant portion of the resource base 
is currently inaccessible due to leasing morato
ria on the Outer Continental Shelf (OCS); is re
stricted ir1 wilderness areas, marine sanctuar
ies , National P arks ,  and Fish and Wildlife 
Service lands; and is subject to other de facto 
administrative moratoria. The full potential of 
these areas will not be known until access is 
granted. The reference scenarios assume 
there will be no access to these OCS areas until 

w 
:e 
::::) ...J 
0 > 
CJ z 
c;; <C w a: 0 z 

the current moratoria expire, with no produc
tion until after the ye ar 2005 , despite high 
prospectivity and the potential for significant 

· low cost supply 

The costs associated with converting the 
natural gas resource to producible supplies are 
dependent on, among other things, the type of 
resource being developed , technology ad
vancement rates, overall industry activity levels, 
and access to prospective acreage both on
shore and offshore. Figure 2 shows future gas 
supplies under various wellhe ad price as
sumptions. These estimates are calculated 
from the model runs and include both domestic 
resources and available imports. While these 
calculations are subject to certain assumptions, 
including the rate of potential demand growth, 
producer response to market signals, and un
certainties in the description of the resource 
base itself, the results are believed to be in
dicative for the range of prices shown. At an 
average wellhead price of $ 1 .50 per MMBTU 
( 1 990$) , a 1 9  TCF (20 QBTU) supply level can
not be maintained. Prices that increase gradu
ally to $3 .50 per MMBTU ( 1 990$) allow supply 
to grow with demand to 24 TCF (25 QBTU) an
nually 

Annual oil and gas expenditures for the 
producing industry have averaged $35 to $40 
billion ( 1 990$) over the past few years. This is 
comparable to the level of expenditure in the 
mid- 1 970s and about half of the peak expendi-

� z 
� 
a: 
w 0 z ::::) 
CJ z 
u; 
"" w a: 0 
� 

Figure 1 .  Schematic of Natural Gas Resource Base. 
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30 I I 
Demand Target (set at approximately 1 o/o growth per year) 

25 
::::> 1-al 20 

...... .__ -- - ........ � 
z 
0 
::i 1 5  ...J 
0: 
c 

1 0  <( ::::> 
0 

5 

""""' - ' ........ 
�, ... 

-
·� '" 

' .......... -
$3.50/MMBTU (max) - -� - $2.50/MMBTU (max) - ... - ... 
$1 .50/MMBTU (max) - - . 1- -- - - - -- -

I 
• Price growth continues until point marked by bullet, with maximum price thereafter. 

0 ' ' 

1 990 2000 20 1 0  2020 2030 

NOTES: 1 .  Assumes technology advancing throughout the period. 
2. Prices are in 1990$ per million BTU for Texas Gulf Spot. 
3. Demand target fully satisfied through 2030 at prices which do not exceed $4.50/MMBTU. 

Figure 2. Long-Term Gas Supply Potential at 
Various Maximum Wellhead Price Levels. 

ture years in the early 1980s. For Reference 
Case 1 , where domestic production increases 
to over 20 TCF by the year 2010, investment 
levels are projected to increase gradually over 
the next 10 years and average about $60 billion 
(1990$) annually during the 2000-2010 time 
period. Lesser increases are expected for Ref
erence Case 2, which projects annual invest
ments remaining below $50 billion ( 1990$) 
throughout the study period. 

As shown in Figure 3, the "ultimate" re
coverable resource base grows with time and 
partially offsets the cumulative production, with 
a substantial resource base still available in 
2030. It is also possible, of course, that time 
and technology will open the door to higher 
levels of recover y and new natural gas re
sources that are known to exist but have not 
been included in the current assessment-just 
as the coalbed methane, shale, and tight sand 
resources were not included in assessments 
made 20 to 30 years ago. 

Impact of Supply Technology 

Technology advancement has a significant 
impact on supply availability through dissemi
nation of knowledge, mitigation of cost in
creases, and improved exploration and recov-

ery processes that allow the industry to find 
and produce more gas economically. The re
sults of an analysis of drilling costs revealed 
that during the past two decades, technology 
advancement has acted to reduce drilling costs 
by almost 3 percent per year below what they 
would have been in the absence of the advanc
ing technology: 

The rate of technology advance appears 
to be accelerating, with more effect in the 
1980s than in the 1970s. As reflected in the 
1,295 TCF recoverable resource estimate, the 
contribution of technology is expected to in
crease the lower-48 recoverable natural gas re
source base by more than 200 TCF between 
1990 and 2010. This rate of growth is consis
tent with that experienced during the past 20 
years. 

A sensitivity analysis indicated that if the 
rate of advancement of supply-related technolo
gies could be increased by 25 percent over 
what was included in the moderate energy 
growth scenario, average wellhead prices could 
be as much as $0.50 per MMBTU ( 1990$) less 
than in the scenario projection. As a result, gas 
consumption would be encouraged, par ticu
larly in the industrial and electric utility sectors. 
The net value of this wellhead price reduction 
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Figure 3. Gas Resource Base. 

through 20 1 0 would likely exceed $50 billion in 
total reduced costs to gas customers. Net im
porrs of gas and residual fuel oil would also be 
reduced for additional savings to the nation. 
Conversely; if technology advances less rapidly 
than assumed in the calculations, an opposite 
impact would likely occur. 

Impact of Environmental Compliance 
Costs on Supply Availability 

In the NPC Reference Cases, the level of 
exploration and production (E&P) environmen
tal compliance costs is based on a projection 
of requirements under the 1 990 Clean Air Act 
Amendments , the Safe Drinking Water Act , 
and pending Resource Conservation and Re
covery Act and Clean Water Act reauthoriza
tions. This projection assumes the reasonable 
application of additional new rules under these 
regulations and results in compliance costs 
that continue to rise at a pace somewhat below 
the historical rate . By 20 1 0 , these additional 
costs reach $750 million ( 1 9 90$) per year, or 
an increase in overall gas-producing costs of 
about 10 percent. 

A sensitivity analysis was made of the im
pact of  higher compliance costs if more 
cost-effective solutions are not found for future 
environmental regulations . In this sensitivity 
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analysis ,  compliance costs grow to $3.5 billion 
per year in 2010. Over the period, the poten
tial increase in costs exceeds $30 billion, addi
tional to the $ 1  0 to $12 billion calculated for the 
Reference Cases, and results in 2010 produc
tion of 2 to 2 . 3  TCF less than the Reference 
Cases (1 0- 1 2  percent of current annual supply) 
with a cumulative reduced production of up to 
20 TCF over the period . The magnitude of 
these potential impacts highlights the need for 
government and industry to work together to 
develop more cost-effective solutions to envi
ronmental problems. 

Potential Imports of Natural Gas 

An assessment was also made of natural 
gas available from sources outside the lower-48 
states. The Canadian resource base was ana:.. 
lyzed, including estimates for the potential of 
nonconventional gas supplies similar to those 
in the United States. Model studies indicate 
that imports of gas from Canada are likely to 
continue to increase in the future and could 
possibly reach a level of 3 TCF or more per 
year, dependent , of course, on domestic de
mand for gas in Canad a  and the absence of 
trade restrictions. Mexico is expected to con
tinue to be a net export market for U .S. produc
ers over the next 1 0 years, but could become a 



supply source if economic conditions sup
ported development of Mexico's substantial re
source base. Imports of liquefied natural gas 
(LNG) are likely to remain low under the as
sumptions of the two scenar ios used in the 
study. Similarly; calculated price and demand 
levels appear to be inadequate for developing 
the Alaskan North Slope gas resources or the 
northern frontier gas in Canada for domestic 
consumption prior to 2010. Potential Canadian, 
Mexican, and Alaskan supply; as well as LNG, 
are also backed by large resources, although 
the domestic demand in these areas will be a 
competing market for the available supply. 

Natural Gas Transmission and 
Storage 

For natural gas to serve effectively the po
tential demand markets, the industry requires 
an efficient and reliable transportation and stor
age system. A critical analysis of the current 
system led to the conclusion that it can support 
a growing U.S. natural gas market served by a 
variety of supply sources. Although the con
sumption of natural gas in the United States 
peaked in 1 972 at 22.1 TCF, the transmission 
and storage system has continued to expand 
due to geographic shifts in supply and demand 

300 
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en 
w 

(Figures 4 and 5) . Today there are more than 
280,000 miles of gas transmission pipeline and 
approximately 8 TCF of storage capacity. 

The existing transmission and storage sys
tem is capable of meeting more than its exist
ing fir m requirements on an annual and 
peak-day basis. Analysis indicates that the sys
tem had a 1 991 annual capability of 24 TCF 
and a peak-day capacity of approximately 120 
billion cubic feet per day (BCF/D) (Figures_ 6 
and 7 ) .  This additional capability above the 
1 99 1  annual consumption of 1 9 .2 TCF, and esti
mated firm peak-day demand of 102 BCF/D, al
lows non-firm customers to use this capacity on 
peak days, provides redundancy; adds reliabil
ity; and enables the system to support a grow
ing U.S. gas market. 

A significant shift is expected in natural 
gas supply and consumption patterns by 20 1 0, 
which creates a need for construction of new 
transportation and storage facilities. With the 
anticipated decline in production from the 
Southwest Central region, additional transmis
sion and storage capability will be required to 
move gas from the North Central region and 
from Canada to neighboring regions, and to 
move gas into the Northeast and California re
gions. The expenditures anticipated for this 
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investment are comparable to average total in
dustry expenditures over the past 20 years and 
should not be a major constraint to future in
dustry growth. 

Impact of Higher Efficiencies on 
Delivered Gas Costs 

The NPC believes that industry must take 
advantage of every opportunity to increase effi
ciencies over the entire natural gas system, 
from production through deliver y, including 
transaction costs across each segment of the 
system. In order to illustrate the effect of possi
ble increased efficiencies, an analysis was 
made of the impact of reduced costs on just a 
portion of the system. For simplicity's sake, the 
transportation system was selected as the ex
ample; however, a similar analysis would be 
applicable to the other sectors of the natural 
gas system. 

The NPC Reference Cases assume that 
higher volumetr ic throughputs and some effi
ciency improvements would approximately off
set real increases in labor and fuel costs for 
transpor tation, resulting in a slight decline in 
overall costs in constant dollar terms. If an ad
ditional net cost reduction of 2 percent per year 
could be achieved, the calculated delivered 
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gas cost in 2010 could be reduced by  some 
$0 .17 per MMBTU. These lower costs could 
stimulate nearly 2 TCF of additional gas de
mand (cumulative) over the projection period. 
Most of that demand was projected to be sup
plied from domestic reserve additions and pro
duction, at essentially no net increase in aver
age wellhead prices. The lower delivered gas 
prices could result in a net savings to gas cus
tomers in excess of $30 billion over the period. 
This again emphasizes the importance of mak
ing every effort to increase efficiencies across 
the system and thereby reduce the delivered 
cost to the customer. 

The markets for natural gas are as diverse 
as the participants in the gas industr y itself. 
The markets range from individual residential 
customers whose consumption can be as low as 
30 thousand cubic feet per year, to large indus
trial facilities and power generation installations 
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consuming or exceeding 50 billion cubic feet 
per year. Ten regional assessment reports 
were prepared on: market and economic con
ditions; descriptions of opportunities for in
creasing gas consumption, including the envi
ronmental advantages of natural gas in the 
end-use sectors; and potential constraints to that 
increase. Similar assessments were also made 
from a national perspective. 

Regional analyses identified significant 
variations by state and site. Growth opportuni
ties for natural gas exist in the Southeast, the 
Northeast , and the Far West . Primarily be
cause of high existing market share, the heavily 
industrialized mid-portion of the country shows 
marginally low opportunities for growth, except 
for co-firing of natural gas with coal. Proximity 
to fuel sources is one of the site-specific issues 
considered by prospective large volume en
ergy customers. 

Improved energy efficiency and conser
vation (stimulated in part by state integrated re
source plans, environmental considerations, 
building efficiency requirements, and appli
ance efficiency standards) are impacting gas 
and electricity demand. Within this changing 
market , natural gas competes with coal, oil, 
electricity; and renewables. 

For the two Reference Cases used in this 
study; Figures 8 and 9 show the model results 
for the distribution of the different fuels con-

tributing to primary energy consumption in the 
markets using natural gas. Table 2 contains a · 
breakdown of the calculated gas consumption 
by sector. In Reference Case 1 ,  gas consump
tion grows in both absolute and relative terms, 
although coal is projected to grow somewhat 
faster than gas in the second decade due to the 
increasing price of gas relative to coal. Gas' 
market share remains essentially constant in 
Reference C ase 2 due to slower demand 
growth in the industrial sector. This slowing of 
industrial sector demand growth results from 
assumptions of more aggressive conservation 
measures in Case 2 .  In both Cases, increased 
use of natural gas, even with price growth, is a 
factor in reversing the growth of residual and 
distillate fuels, much of which are imported. 

Residential and Commercial 
Markets 

The residential and commercial markets 
form the backbone of the natural gas industry 
Natural gas is used in some 55 percent of all 
single-family dwellings, varying by region. Ex
tensive efforts to extend service areas through 
aggressive marketing of gas services and tech
nologies are expected to increase the total 
number of residential customers by 2 0 1 0 .  
However, the per customer annual consump
tion is projected to continue to decline due to 
efficiency gains and conservation, resulting in 

TABLE 2 

1 2  

LOWER-48 NATURAL GAS CONSUMPTION 

Total End Use 

+ Le8Se!Piant Fuel 
+ TraAsmission Fuel 
+ Exports/Misc. 

iotal consumption 

(Quadrillion BTU .,., Year) . 

1990 

4.5 
2.7 
7.0 
2.9 

17.1 

1 .1 
0.6 
0.2 

19.0 

Reference 
case 1 
2010 

4.9 
3.5 
S.9 
5.4 

22.7 

1.3 
0.9 
0.2 

25.0 

Note: Totals may not agree due to rounding. 

1 .1 
0.7 
0.7 

21 .3 
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total residential consumption remaining at 
about its current level. Advances in electric 
heat pump technology and its promotion will 
test the gas industry's marketing abilities in this 
core market . 

The commercial segment also is ex
pected to remain at approximately the · current 
gas consumption level in the near term with 
some growth potential after the year 2000 . 
Maintenance of current business is critical to 
future demand levels in this sector. Growth 
opportunities exist through increased penetra
tion of packaged cogeneration and advances 
in gas cooling. However, even the limited 
growth opportunities face stiff competition 
from the electric industry. In addition, empha
sis on conservation, federally mandated effi
ciency improvements ,  and Integrated Re
source Planning will limit growth in 
commercial energy consumption. The organi
zations serving the commercial sector will 
have to work diligently to maintain this market 
at its current level. 

Industrial Market 
The industrial market represents one of 

the largest potential market areas for growth, 
or loss, for the gas industry. This sector has 
gone through a major restructuring during the 
last decade, as a world market has emerged 
where quality and productivity have assumed 
important positions in the manufacturing pro
cess along with the continuing need to control 
costs and improve operational efficiency. Gas 
industry success will depend on combining an 
aggressive marketing stance that identifies 
and satisfies customer needs with a commit
ment to champion the development and adop
tion of gas end-user technology. The use of 
high-efficiency; gas-processing equipment and 
energy-efficient cogeneration applications are 
an essential approach that the gas industry 
needs to adopt to maintain its position in the 
industrial market. 

While competition from other energy 
sources will be formidable, opportunities exist 
to expand the use of natural gas in emission 
control, waste recycling, and waste remedia
tion. Also, a strong potential exists to convert 
existing industrial coal boiler operations to nat
ural gas or co-firing. These actions could allow 
for the creation of valuable allowances that 
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could be sold for compliance with the Clean 
Air Act Amendments. 

Since the industrial sector is second only 
to electric utilities in energy consumption, it is a 
prime target for focused programs aimed at re
ducing energy demand. This sector is also the 
largest gas-consuming sector. The natural gas 
industry' will need to be especially cognizant of 
the changing nature of the industrial sector and 
be prepared to respond to these needs in or
der to retain a dominant share of this important 
market. 

Electric Genel'ation 

Consumption of  electrical energy ac
counts for a large and growing share of the U.S. 
energy demand, with natural gas having im
portant economic and environmental advan
tages over competing fuels in the electric gen
eration market. Advanced gas-fired generating 
units, particularly combined-cycle units, are 
more efficient and less capital intensive than 
other alternatives, have lower non-fuel operat
ing costs, and can be constructed with shorter 
lead times with smaller, economically sized 
units. The potential for natural gas to have an 
increased role in the electric generation sector 
varies widely among sites (e.g. , distance from a 
pipeline) , applications , companies ,  and re
gions, and with the overall rate of growth of 
electric demand. 

Opportunities to increase the use of natu
ral gas in electric generation include: 

• Restarting or using existing gas-fired gen
erating units at higher load factors 

• Adding gas-burning capabilities in exist
ing coal- and oil-fired units to gain fuel 
flexibility or to meet environmental re
quirements 

• Constructing new gas-frred baseload, in
termediate, or peaking units 

• Adding gas-fired independent power pro
duction and self-generation ,  including 
commercial and industrial cogeneration 

• Repowering uncompleted or retired nu
clear generating units. 
Results from the two NPC Reference 

Cases suggest impressive growth potentials for 
natural gas in electric generation. Major obsta
cles will need to be overcome, though, before 



these opportunities can be converted to in
creased gas consumption. Among the more 
significant of these are: 

• Competition from other energy sources, 
with the competitiveness of gas being de
pendent on the wide variation among 
sites ,  regions, applications , companies, 
and distances from pipelines 

• Understanding factors affecting electric 
generators' fuel choices and responding 
to electric generators' concerns, needs, 
perceptions, and expectations 

• Satisfying potential customers that the de
livered price of natural gas, including the 
cost of gas transportation, will continue to 
be competitive with other energy sources 
and with potential demand-side measures 

• Convincing potential customers that natu
ral gas supplies will be available when 
needed and can meet their operational re
quirements. 

A key assumption for any projection of gas 
demand in the electric generation market is the 
annual electricity demand growth rate. Annual 
gas consumption for electric generation could 
be lower due to demand-side activities and 
slower economic growth rates. Conversely, 
more vigorous economic growth assumptions 
can increase electricity usage, and thus, gas 
demand. 

Natural Gas Vehicles 

There are an estimated 30 million fleet 
ve hicles in the Unit ed S t at e s  and ove r 
one-third of these are located in ozone non-at
tainment areas as defmed by the 1 990 Clean 
Air Act Amendments. The Natural Gas Vehi
cle Coalition estimates that all U.S. fleet vehi
cles combined consume an equivalent of 2 
TCF per year of liquid fuels. In the NPC Ref
erence Cases, the penetration of natural gas 
by vehicle type and location was estimated to 
result in a consumption level of 1 40 BCF per 
year by 20 1 0 .  A more optimistic natural gas 
vehicle market penetration and gas supply 
sensitivity case, with consumption levels in
creased to 640 BCF per year by 20 1 0 ,  indi
cated that the natural gas industry could sup
ply additional volumes of gas to the natural 
gas vehicle market without adversely affecting 
other markets. 

Information collected during the course of 
this study shows that the newly evolving natural 
gas market works. Market forces have been 
the primary drivers of change ever since the 
decontrol of wellhead gas prices and the Fed
eral Energy Regulatory Commission (FERC) 
began open-access transportation with the in
troduction of FERC Order 436 in 1 985 . The 
subsequent increase in competition has re
sulted in lower delivered gas prices, increased 
availability of supply; and new service options 
for consumers. 

FERC Orders 6 3 6  and 636A m andate 
nearly complete unbundling of pipeline gas 
sales from transportation services and is in
tended to foster competition for natural gas 
transportation and storage. Creation of a sec
ondary market for pipeline capacity is an inte
gral part of Order 636 . This should further im
prove efficiencies by allowing capacity to be 
assigned to those who value it most , whether 
on a short-term or long-term basis. Such activ
ity would serve another important function that 
has traditionally been lacking in the industry: 
clear market signals regarding the need for 
new capacity 

The expansion of value-added services 
being offered by the industry is additional con
firmation of this new competitiveness. Today's 
market is rapidly evolving with resources and 
production being efficiently matched with cus
tomers o n  an ongoing, operational basis.  
Through the mid- l 980s, the regulatory frame
work generally m andat e d  t h at int erst at e  
pipelines aggregate gas supplies for sale t o  all 
customer groups. Under today's more open 
and competitive regulatory environment , gas 
supplies are being combined into economi
cally and operationally viable p ackages by 
many different industry participants. The pack
aging of gas volumes at a market-cle aring 
price is still evolving, and other services are 
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making natural gas much e asier to acquire 
when and where needed. 

Integral to the evolving service environ
ment is access to data, from production through 
consumption. Electronic gas measurement , 
electronic bulletin boards, operational balanc
ing agreements, pooling points, and other de
vices, both physical and contractual, have an 
important role in making it easier to provide 
gas in a responsive manner. Separate from the 
traditional industry segments offering various 
service options, a new role within the industry 
has emerged over the past ten years for "natu
ral gas services providers." This category is 
broadly defined to include an array of compa
nies within the industry that are moving beyond 
their traditional roles and providing a new vari
ety of customized services aimed at meeting 
customers' specific needs. The ability of natu
ral gas service providers to enter into a variety 
of contracts without threat of after-the-fact regu
latory intervention, but being prepared to live 
with the consequences of their actions, is a key 
element in making these providers a vital part 
of the industry's future. 

With this new gas marketplace, the cus
tomer's ability to buy its own supply and 
choose only the transportation and storage ser
vices it needs, along with the ability to reassign 
such services when not needed, provides sub
stantial flexibility to select appropriate levels of 
risk. Supply contracts, together with trans
portation and storage service arrangements, 
provide a fundamental structure under which 
individual buyers can balance risk versus de
livered gas costs, and under which sellers can 
secure gas outlets at optimum prices. In con
junction with a diversity of contract structures 
tailored to individual needs, the natural gas fu
tures market can be used to help manage near
term risk. For example, producers can reduce 
their exposure by using futures to lock in 
prices for their gas several months in advance. 
Local distribution companies (IDCs) and other 
customers can purchase futures contracts to 
provide a ceiling for the price they pay for gas 
in later months. 

Some industry participants have yet to 
take advant age o f  the opportunities made 
available to them in these markets. For exam
ple, IDCs face a unique problem in that state 
regulators must be convinced that long-term 
contracts, futures, options, and other diverse 
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contract arrangements can b e  effective risk 
management tools, rather than highly specula
tive "gambles," as they are often perceived. In 
an effective market-based environment , IDCs, 
along with all industry participants, should be 
provided the opportunity to use these tools. 

Gas industry participants often mention 
that federal and state regulatory uncertainty is 
a major impediment to industry growth. With 
parties willing to match their risk tolerance with 
costs and obligations, federal and state regula
tory policy initiatives must continue to support 
the move toward contract-defined relationships. 
Similarly; gas providers and consumers must 
be allowed to be accountable for their contrac
tual decisions in the marketplace, not in regula
tory proceedings. Contract diversity; a regula
tory climate that honors contract sanctity; and 
active fmancial markets that can be used to 
manage risk can work together to assure that 
each market participant attains the desired de
gree of reliability and security. 

The natural gas industry faces numerous 
challenges as it moves to increase the role that 
natural gas plays in meeting the energy and 
environmental needs of the nation. The chal
lenges are diverse and include both real and 
perceived concerns that result both from past 
experiences of customers and from uncertain
ties about the changing industry. 

I gnoring these challenges would b e  
harmful t o  the prospects o f  the natural gas in
dustry itself, as well as the national economy 
and the environment . The challenges for in
dustry have been grouped into the following 
areas for discussion and recommended action: 

• Reliability 

• Customer orientation and marketing 

• Behavioral issues. 

Government policy and regulation can 
constrain the ability of industry to react to cus-



tomer needs. The NPC concludes that govern
ment and regulatory policy makers should min
imize intrusion into markets where competition 
can exist , and weigh the additional costs of reg
ulation in all markets. Accepting that there is a 
continuing, albeit more limited, role for govern
mental action in the natural gas market , the 
challenges to government fall into the following 
categories: 

• Fostering choices that serve the public in
terest 

• Promoting system efficiencies 

• Reducing regulatory uncertainty. 

In addition, both industry and govern
ment face significant challenges in the areas 
of: access restrictions, technology develop
ment and commercialization, and environmen
tal regulation. 

Challenges for Industry 

Reliability Concerns 

A long history of intense and changing 
regulation, accentuated by public and private 
underestimates of supply potential, has worked 
to suppress demand and perpetuate the pre
vailing oversupply situation. The recent down
sizing in the domestic E&P sector and declines 
in drilling activity in North America are largely 
the result of this situation-rather than a lack of 
drilling opportunities-and the trend should be 
reversible in part if market signals are favor
able. However, there is likely to be some lag 
and some continued price volatility due to the 
lead time inherent in many investment deci
sions in all phases of the business. Increasingly 
widespread and lengthening access restric
tions and OCS moratoria compound the con
cerns as do ever more stringent application of 
environmental law to producer activity. 

Additional reliability concerns arise from 
both real experience and perceptions. The 
history of the U.S. natural gas industry includes 
several cases where natural gas did not prove 
to be reliable in the view of the customer, 
e.g. , the curtailments of the 1 970s and the ex
traordinarily cold period in late 1 989 . The con
cerns of the natural gas consumers about relia
bility depend heavily on the type of customer 
served. Residential and small commercial cus
tomers have expressed little concern about re
liability of supply, although they are concerned 

about potential price volatility. On the other 
hand, with curtailments and confusion during 
periods of regulatory change, industrial and 
power generation customers have had a less 
impressive experience with natural gas reliabil
ity ; these sectors also represent the most 
promise for growth. 

As the commercial interactions within the 
industry shift from a regulated to a contractual 
basis, some of these concerns should fade. 
While action has been undertaken recently to 
address reliability issues ,  such as the 
FERC/DOE Deliverability Task Force and the 
consideration by the Natural Gas Council of a 
Natural Gas Reliability Council, nevertheless 
the development of a set of reliable services 
designed to meet customer needs , and the 
marketing of those services, remain as serious 
challenges to the industry. 

Customer Orientation and Marketing 

The natural gas industry generally has not 
been sufficiently customer oriented. In the 
past , natural gas marketing consisted of pass
ing a commodity down the chain in the general 
direction of the end user, where all the com
mercial relationships had extensive regulatory 
limitations and natural gas was "marketed" by 
taking orders. Now, many natural gas compa
nies are playing integrated energy service 
roles all along the line from producer to end 
user. Companies that can add value to the pro
cess need to develop additional marketing ca
pabilities that are critical to a successful natural 
gas industry future. Full development of possi
ble services requires that all segments of the 
industry explore new and more effective ways 
of using talents, facilities, and experience. 

Behavioral Issues 

The behavioral concerns are more diffi
cult to address as they tend to influence ac
tions in all industry segments .  Many cus
tomers believe that the regulated sectors of the 
natural gas industry have little or no incentive 
to become more efficient . This perception 
arises from the belief that with regulation, eco
nomic incentives are masked and that regula
tory "game-playing" is rewarded. Competi
tion in the context of an open and competitive 
market creates good results for customers. 
Unnecessary fighting by industry participants 
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in the context of regulatory hearings and judi
cial proceedings, and without regard to cus
tomer reactions, sends adverse signals to cus
tomers. Such behavior conveys the impression 
that different segments of the natural gas indus
try cannot work together, and the customer will 
be convinced that reliable energy ser vices 
cannot be developed. 

In the natural gas industry of the past, reg
ulatory policy shaped the destiny of the indus
try. In the emerging, more competitive market, 
individual businesses must develop their own 
vision of the future. It should not be inferred 
from the above that all of industry's challenges 
come from its regulated history; ultimately it is 
industr y's own behavior that has the greatest 
effect. 

Challenges for Government 

Fostering Choice 

The findings from this study support the 
premise that a competitive gas industry is de
veloping, that it can function effectively and 
provide a range of services and products, and 
that this can work to the benefit of informed 
customers who may choose the terms and 
pr ices that best meet their needs. Corre
spondingly, regulator y policy should be di
rected toward increasing the number and qual
ity of choices available to buyers and sellers 
without unnecessarily interfering in the conse
quences of those choices. 

A robustly competitive natural gas indus
try will increase consumer satisfaction. Also, a 
competitive market will allow consumers and 
service providers, through mutual agreement, 
to make individual decisions about managing 
and allocating risks and associated costs. Be
cause the exercise of individual choice is inte
gral to achieving the public interest, regulators 
and policy makers should not substitute their 
opinion of r isk tolerance for that of the cus
tomer. 

Promoting System Efficiencies 

Efficiency improvements, innovations, and 
new value-added services are more likely to 
develop in a competitive market than in one 
that is regulated. Incentives may be required in 
the regulated environment in order to obtain 
these same benefits. 
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Reducing Regulatory Uncertainty 

During a period of industry transition, par
ticularly transition aided and encouraged by 
regulatory policy; the most important challenge 
to regulators is to be clear about the goals of 
regulator y  change. Uncer tainty that ar ises 
from regulatory change, exacerbated by a lack 
of clarity, can limit the efficient and effective de
velopment of markets. 

Finally. as the industry develops the ability 
to operate more effectively and with greater 
customer or ientation, regulators and policy 
makers will be challenged to exercise restraint 
during periods of price and supply volatility: 
The emerging industry will not look like the 
historical industr y, and lessons learned from 
the past may not have direct application in the 
future. 

Challenges for Both Industry and 
Government 

Development and Commercialization 
of Technology 

Technology's role in increasing natural gas 
supply and mitigating cost increases is a cor
nerstone of the findings of this study: For natu
ral gas to fulfill its role in the United States' en
ergy picture, the technologies related to its 
production, distribution, and consumption must 
continue to evolve. 

The NPC suppor ts  the fundamental 
premise that funding for technology develop
ment and commercialization should come first 
from private industry using risk capital and re
sponding to market signals with the benefits 
accruing to the investor in recognition of the 
risk taken. Of the $7 50 million of estimated 
1 992 investment in natural gas technology de
velopment, near two-thirds was provided by 
private industry: The Gas Research Institute 
and other associations accounted for about 
one-quarter of the total investment in natural 
gas technologies, while the federal government 
contributed about one of every eight dollars in
vested. The majority of private investment was 
directed toward increasing supply and reduc
ing costs, where the market mechanism has 
generally proven to be capable of providing 
good direction and allowing this sector to rec
ognize the benefits of its investment in the suc
cessful deployment of new technology: 



In contrast, however, regulated companies 
traditionally use a rate-of-return methodology 
that provides little reward to shareholders for 
the rapid development, commercialization, or 
adoption of new technologies. The resultant 
funding for end-use technology development 
and its ultimate commercialization has thus 
been constrained. This is also due, at least in 
part, to the fact that end-use equipment manu
facturers are generally fuel neutral, since they 
manufacture different models of the same ap
pliances and equipment to use either gas, oil, 
or electricity. This includes U.S. auto makers, 
who are fmding little profit motive to develop 
natural gas vehicles. . 

The gas industry's challenge for technol-
ogy development and commercialization in
volves continued funding by the producing 
segment of the industry, increased incentives 
for investing in technology by the regulated 
segments, and justification for investments in 
commercialization of end-use technologies. 
Also ,  the low level of federal government 
spending on gas-related technologies, relative 
to other energy sources, suggests a need to re
examine the potential benefits of investments in 
this segment , particularly in light of the evi
dence that natural gas is an abundant natural 
resource with superior environmental qualities. 

Environmental Regulation and Access 
Restrictions 

This study examined the impacts of po
tential future environmental regulations and 
access limitations on the exploration, produc
tion, transportation, and storage of natural gas. 
The results of this analysis demonstrate a 
clear potential to limit the ability of industry to 
increase the production of natural gas as an 
important resource in the national energy mix. 
At the end-use sectors, however, there remain 
unfulfilled opportunities to increase the use of 
natural gas driven by environmental regula
tions aimed at solving the nation's air quality 
problems. 

Within this apparent dichotomy, the chal
lenge is for industry and government to work 
together to solve the pressing environmental is
sues facing the E&P and transportation sectors 
in a balanced and cost-effective manner. The 
opportunity is for industry to develop new mar
kets and for improved air quality for the nation. 

To allow the competitive gas market to 
continue to develop and function effectively, ac
tions are recommended that: 

• Foster choices that serve the public in-
terest 

• Promote zystem efficiencies 

• Reduce regulatory uncertainty 

• Support development and commercializa
tion of technologies that reduce cost and 
increase the choices available to the con
sumer 

• Promote cost-effective environmental reg
ulation and reduce access restrictions. 

Fostering Choice 

Policy m akers and regulators need to 
more explicitly defme public interest and es
tablish objectives that include a clear identifica
tion of whose public interest is being furthered 
by individual regulatory or policy actions. This 
new definition of the public interest should em
phasize the principles of competitive markets 
and consumer choice, while recognizing a con
tinuing, although greatly reduced, role for regu
lation. Industry and regulators should continue 
the evolutionary process toward deregulation 
in competitive markets and should explore the 
potential for incentive regulation in those mar
kets where competition has not been shown to 
exist. 

• Where market forces are sufficiently ro
bust t o  p rovide re asonable service 
choic e s ,  re gulat o ry de cision making 
should defer to market forces. For exam
ple, the FERC should eliminate the tradi
tional tests for new interstate pipeline con
struction and parties should be permitted 
to allocate risk through contractual mech
anisms. 

• Regulation should refrain from unneces
sarily restricting the number and quality of 
choices made available to the buyers and 
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sellers of energy services; neither should 
it interfere with the consequences of those 
choices. 

• The PERC should continue to promote the 
development of robust secondary markets 
for regulated transport services with cus
tomers allowed to trade capacity rights in 
minimally regulated secondary markets. 

• Regulators should consider new forms of 
incentive rate making, phased activities, 
and pilot projects to examine the feasibil
ity of new, less intrusive, regulatory struc
tures. Where continued regulatory over
sight is required, rate ceilings should be 
emphasized over profit ceilings. 

• State commissioners should evaluate and 
direct as appropriate the unbundling of 
LDC and intrastate pipeline services to 
further competition and consumer objec
tives. 

• Gas procurement should be deregulated 
where competitive markets exist and buy
ers have equal access to competing gas 
supplies. 

• State regulators should explore alterna
tives to traditional service obligations so 
that competitive service offerings may be 
developed. The benefits of and need for 
franchise protection for LDC services to 
certain market segments should be re
viewed and reevaluated. State regulators 
should distinguish between captive and 
non-captive customers. 

• Oversight of gathering systems at the state 
level may be indicated in isolated cases 
where abuse of market power may prevent 
access, but regulation is not appropriate 
where sufficient competition exists. 

• The regulation of safety and minimum ser
vice standards at state and federal levels 
should remain intact. 

Improving System Efficiencies 

Commissions should consider different 
forms of incentive regulation that lead to in
creased efficiency. improved productivity; and re
duced costs, and encourage new and innovative 
services that are responsive to customer needs. 
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• Cost-of-service and rate design principles 
should be used that avoid cross subsidies 

among types of services and classes of 
customers. 

• Current programs and policies should be 
examined at both the state and federal 
level to eliminate unnecessary costs 
across the entire system, including envi
ronmental costs or restrictions that are not 
commensurate with the ultimate benefit to 
the consumer. 

• State regulators should adopt a fully inte
grated approach to energy resource plan
ning, which recognizes the environmental 
benefits of natural gas. 

Reducing Regulatory Uncertainty 

Uncertainty about rates and access to 
transportation capacity makes it difficult for 
customers to make decisions regarding future 
energy needs. A regulatory system needs to 
be developed that allows the affected parties to 
have a knowledge of and .confidence in natural 
gas prices and transportation rates at the time 
a transaction occurs, without the danger of 
those prices or rates being disturbed by lags 
in regulatory decision making. 

• Regulators should determine the rate 
treatment for new facilities in advance of 
construction. 

• Regulators must no longer permit rate 
changes that have a retroactive impact. 

• Regulatory proceedings that remain nec
essary must be timely and efficient with 
procedures that guarantee completion 
within a reasonable time frame. 

• Individual rules and regulations, as well as 
authorizing statutes, must be reviewed to 
remove impediments to  real-time in
formed choices and educated risk as
sumptions by natural gas sellers, trans
porters, and customers. 

• Regulators should account for the effects 
of their regulatory decisions on all sectors 
of the industry, in order to prevent unde
sirable side effects, and for consistency 
with overall national policy objectives. 

Technology Development and 
Commercialization 

Consideration needs to be given at the 
federal and state levels for support of the de-



velopment and commercialization of new tech
nologies where the .results can be reasonably 
expected to foster additional choices for the 
consumer or reduce the consumers' ultimate 
cost of service. 

• The federal government should re-exam
ine its natural gas research, development, 
and demonstration (RD&D) effort in light 
of the evidence that natural gas is an 
abundant natural re source whose in
creased use could provide environmental 
and balance-of-trade benefits. 

• Serious consideration should be given to 
increasing the annual federal funding level 
for gas-related RD&D, including develop
ment of cost-effective environmental com
pliance technology, to about $250 million, 
consistent with other recent recommenda
tions. 

• A review should be initiated by the De
partment of Energy, in concert with indus
try and regulators,  o f  limit ations on 
end�use commercialization efforts caused 
by a cost-based regulation system. 

• The federal RD&D program should exam
ine new ways to sponsor cooperative , 
joint research projects with industry par
ticipants,  p articularly independent pro
ducers. 

• Coordination efforts should continue to be 
increased between the DOE and industry 
organizations and associations. 

Environmental Regulation and 
Access 

Government agencies at all levels should 
create a balance between costs and benefits in 
the legislative and regulatory process for envi
ronmental and access issues that affect the nat
ural gas industry. A balanced approach will 
ensure protection of the environment while 
moderating the financial impact on industry 
and providing the necessary access to the 
available resources. 

• The federal regulatory moratoria should 
be extended for the review and modifica
tion of the current regulatory and permit
ting process to ensure a technically based 
and balanced approach to designing and 
implementing new regulatory require
ments. These revisions should specifically 

include the net environmental benefits of 
natural gas. 

• Minimize and/or alleviate access restric
tions on industry by: 

- Developing an approach to leasing and 
permitting that will assure access to 
prospective acreage for prudent , envi
ronmentally sound exploration and de
velopment programs. This includes a 
re-evaluation of acreage currently un
der moratoria as their terms expire. 

- Modifying federal leasing programs so 
that successful bids that are based on 
accepted environmental guidelines 
would be issued with drilling permits. 

- Expediting the review and approval 
process for new pipeline projects at the 
federal, state, and local levels without 
diluting substantive environmental pro
tection. 

• Government agencies at all levels should 
move forward cautiously with the use of 
environmental externalities until they have 
carefully researched methodologies and 
have developed a well thought out ap
proach for implementation. 

.u natural gas is to play a more significant 
role m the U.S. energy mix, it is imperative that 
industry base its practices on the fmdings that 
the resource base is not limiting, that gas sup
plies can be delivered at competitive prices on 
a timely and reliable basis, and that opportuni
ties exist to increase gas consumption in a vari
ety of markets. Regulators and other policy 
makers are poised to help the competitive nat
ural gas market work, but it is the responsibility 
of industry to make it work and perform to the 
benefit of the consumer, the environment, and 
the nation. 

Reliability 

Natural gas reliability is of concern to all 
sectors of the industry and in particular to the 
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electric utility and industrial customers, who 
have unique operational requirements. Con
cerns encompass price volatility as well as 
supply and pipeline deliverability. Reliability 
has different meanings to different people and 
perceptions are often as important as facts and 
analyses. It is, therefore, imperative that indus
try openly address the reliability issue to en
sure that natural gas is best able to compete ef
fectively in the nation's energy markets. 

The NPC believes that industry should 
give serious consideration to the formation of a 
Natural Gas Reliability Council and recom
mends support for the scoping study that is be
ing performed by the Natural Gas Council to 
establish the requirements for such an organi
zation. The purpose of the Reliability Council 
would be to · improve reliability of natural gas 
service and increase customer confidence in 
natural gas. Its mission would be to provide 
facts, analysis, and recommendations relevant 
to improving the reliability of gas service. 

Other actions should be undertaken inde
pendent of the formation of a Natural Gas Relia
bility Council to reduce the customers' con
cerns over reliability: 

• The findings from this study should be 
used by industry to enhance confidence 
in the nation's current supply and delivery 
systems. 

• Transmission companies and LDCs should 
undertake efforts to coordinate mainte
nance and downtime across industry seg
ments to minimize potential interruptions 
in gas deliverability. 

• Producers should insist on the maximum 
possible discretion in managing produc
tion in relation to swings in market de
mand and prices, while recognizing that 
states have an obligation to protect correl
ative rights and prevent waste. 

The consuming sectors must be able to 
make decisions based on economics, service, 
and environmental requirements with full confi
dence in the reliability of natural gas being 
available when, where, and under the terms 
specified by the contracting parties. 

Customer Orientation and Marketing 
A commitment to the customer is essential 

to achieving growth in market share. This will 
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require a dedication to being customer ori
ented and providing the products and services 
appropriate to the needs of the customer. 

• The industry should adopt and communi
cate to its customers a philosophy of  
"working with customers to  install facilities 
required for economical, efficient, and re
liable services responsive to customer 
needs: '  

• It is  imperative that LDCs continue aggres
sive programs to increase demand and 
maintain market share in existing residen
tial, commercial, and base load industrial 
sectors. 

• Other industry segments should support 
and leverage LDC efforts by providing a 
full range of services designed to meet 
customers' gas acquisition needs. Recog
nition and support should be given to the 
new role of natural gas service providers. 

• Industry needs to focus effort on demand 
growth in the major market opportunity 
areas (e .g . , electric power generation, 
natural gas vehicles, and gas cooling) as 
well as identifying and maximizing op
portunities in niche markets (e.g. , gas en
gine drive, environmental emissions con
trol , gas heat pumps,  and gas process 
cooling) . 

• The natural gas and power generating in
dustries must cooperate, coordinate, and 
compromise to make the transporter/cus
tomer relationship work. 

• Mechanisms must be devised to make it 
easy for customers to buy natural gas. In
novative contracting practices should con
tinue to be offered, supported by a regu
latory environment that honors contract 
sanctity. The development of emerging 
markets (financial, transportation, and oth
ers) should be encouraged. 

• Industry should support the creation of 
additional market centers as mechanisms 
to promote better access and improved 
reliability of natural gas services. 

• Better methods need to be developed to 
communicate to customers the availability 
of transmission and storage capacity. 

• Efficiencies must be improved across the 
·entire natural gas system, including re-



ducing regulatory compliance costs, so 
natural gas can continue to be delivered 
to the customer at the lowest possible 
cost . 

Technology Development and 
Commercialization 

The continued development and commer
cialization of technology is fundamental to 
maintaining and expanding market opportuni
ties, increasing the supply of natural gas to 
those markets, and reducing gas cost to make 
it even more competitive with alternative en
ergy sources. 

• Each segment of the gas industry must 
ensure that gas technology is a priority for 
its own facilities and operations to provide 
the demonstration sites necessary for 
commercialization efforts and to demon
strate its belief in these technologies. 

• Industry must continue to invest in its own 
development programs and should be 
willing to participate with government in 
appropriate jointly funded programs. 

• Industry segments must recognize the in
herent limitations of a regulated structure 
and cooperate with policy makers in de
vising mechanisms that allow the benefits 
of investments to flow to the providers of 
the risk capital. 

Environmental Regulation 

Industry must play an active role in devel
oping environmental data on natural gas, in
creasing the public's understanding of the posi
tive benefits of natural gas, and developing new 
and innovative strategies for dealing with envi
ronmental issues. 

• Initiate an industry/government project to 
develop a methodology for doing 
cost-benefit environmental evaluations 
and document the results in a "How To" 
manual for industry, government , and 
public use. 

• G ather the technical information and 
knowledge necessary for the natural gas 
industry to develop a strategy regarding 
environmental externalities. 

• Initiate an industry/government project to 
develop methodologies and tools for edu-

cation and communication efforts that ex
plain the role of natural gas in a balanced 
but comprehensive energy conservation, 
pollution prevention, and energy develop
ment program. 

• Improve the integration of environmental 
issues into strategic business planning 
and decision-making processes. 

• Develop direct business opportunities for 
the natural gas industry by developing or 
adapting products, processes , and ser
vices to meet the current and future needs 
of the American consumer. 

Leadership 

Finally, leaders in all segments of the natu
ral gas industry must commit to a concerted, 
ongoing, and consistent effort that focuses on 
the unique attributes of natural gas and its abil
ity to deliver superior value to customers. 

First and foremost, a consistent and co
herent vision must be developed for the future 
direction of the industry. 

Second, the industry needs to educate 
both itself and its customers on the facts about 
natural gas. Information should be made avail
able on (a) the ability of supply to economically 
and reliably meet the needs of the consumer, 
(b) the environmental and life-cycle cost ad
vantages of natural gas, and (c) the opportuni
ties for improved customer and service orien
tation. 

Third, industry must improve communica
tion and coordination with its customers in or
der to best satisfy their objectives. The joint 
task groups that were formed recently between 
the natural gas and electric generation indus
tries should be continued and expanded to in
clude other customer classes. Industry also 
needs to encourage federal and state policies 
and guidelines that explicitly recognize the po
tential of natural gas to enhance national eco
nomic growth and achieve environmental 
goals. 

Fourth, the industry needs to encourage 
and support the development of economic nat
ural gas use within the industry, especially in 
vehicles and cooling. This demonstration of 
commitment will encourage potential cus
tomers to make the decision to use natural gas 
in their own facilities. 
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CLOSING 

As the natural gas industry advances 

through the last decade of the 20th century; it is 

at a fork in the road - if it fails to deal with the 

issues described in this report it will likely be

come "dysfunctional." On the other hand, if the 

natural gas industry participants work coopera

tively together to turn their challenges into op

portunities, natural gas will realize its potential 

in which: 
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The "Natural Gas Industry" is a composite 
of many different operations performed by 
segments of the industry that have historically 
been independent , e.g. , producing, gathering, 
transporting, distributing, and marketing. 
Transmission and distribution operations have 
generally been regulated by federal and state 
agencies; while producing operations are not 
regulated in that same context, governmental 
regulations of all types have had a significant 
impact on the industry; and the wellhead price 
of gas was subject to controls for much of the 
industry's history. Regulation has been chang
ing recently and the natural gas industry has 
matured, with competition becoming more 
commonplace. Additionally, many industry 
members have become active in more than 
one segment of the business and new partici
pants have emerged, e.g. , aggregators. As a 
result of these dynamics, the industry has un
dergone fundamental changes and it is impor
tant to have an historical perspective in order to 
understand the current business environment 
and the future opportunities. The first section 
of this chapter develops that historical 
overview and provides a backdrop for examin
ing the challenges faced by the industry today. 

The NPC used two different approaches to 
respond to the Secretary's request to identify 
the various constraints to the increased use of 
natural gas. The study participants provided 
their views on potential barriers to increasing 
the use of gas in all segments of the industry. 
These submittals were made available to the 
task groups for analysis and inclusion in their fi-

nal reports as appropriate. Additionally, the 
NPC contracted with a consultant to conduct fo
cused interviews with representative industry 
and customer groups. The views expressed 
by the focus group participants helped to ex
pand the understanding of the potential chal
lenges to the increased use of natural gas. 
These results were also considered by the 
study participants and incorporated into the fi
nal recommendations. In addition to reporting 
the results of individual focus group sessions, 
an overall summary of  the p articipant re
sponses was developed and is included as the 
second section in this chapter. 

The final section of this chapter outlines 
the methodology that was used in conducting 
the study. It includes a summary of the ap
proach taken by each of the task groups and 
the framework that was adopted to provide an
alytical consistency for the study. 

HISTORICAL OVERVIEW 

Bow We Got Here 

The purpose of this historical overview 
section is to set the stage for the discussion and 
recommendations that follow by providing a 
sense of how the industry evolved-the influ
ences on its development that explain its struc
ture and the historical forces that explain its be
havior in response to changes in the regulatory; 
supply, and market environments. 

The natural gas industry is considered by 
many to be complicated. The dynamics of 
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supply and demand introduce one level to the 
industry's complexity, while a long history of 
regulation adds another level. The supply is not 
readily apparent-reserves are not "visible" 
and the resource base cannot be directly mea
sured. The capital and the time required to 
bring new reserves into production can result in 
new supplies coming on before or after they are 
needed. In order to service the development 
cost debt, there is significant incentive to pro
duce new reserves as soon as they are avail
able. Natural gas demand is subject to many in
fluences, including weather, the cost of  
alternative fuels, perceptions about supply, and 
the vagaries of the business cycle. With no 
other influences, the supply and demand dy
namics of the gas industry result in the potential 
for equilibrium dislocations. On top of these 
dynamics are layered regulations promulgated 
to protect gas users from abuse of market 
power. Over the industry's history; these regu
lations have at some times acted to replace 
market forces and, at other times, to promote 
market forces at one end of the pipeline and 
constrain them at the other end. In light of the 
complicated nature of the industry; knowledge 
of how it evolved should be helpful in under
standing how it may move forward. 

Natural gas currently provides about 24 
percent of the country's total primary energy 
needs. While the United States' dependence 
on natural gas has declined in absolute and in 
relative terms since 1 97 2 ,  the emphasis on 
clean, reliable energy has grown. If natural gas 
is allowed to compete effectively, it should be
come a major component of any program to 
meet increased energy demand in an environ
mentally responsible manner, without increas
ing dependence on foreign sources of energy. 

Although the dependence of the United 
States on energy imports during the OPEC car
tel years and during the recent invasion of 
Kuwait is frequently recognized as a cause for 
concern and for legislation, the development of 
the gas supply, transmission, and distribution 
infrastructure has occurred with little attention 
to a coordinated forward-looking policy. 
Rather, industry participants responded to indi
vidual market opportunities that were eco
nomic or required under the regulations in ef
fect at the time. These laws and regulations 
were largely promulgated in response to spe
cific practices taking place (or feared) that 
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were perceived as being counter to the public 
good. The industry that evolved under these 
laws and regulations owes much of its structure 
and characteristics to them. 

At the onset of federal regulation of the 
gas industry; an approach was chosen that pro
vided for extensive regulation of nearly all as
pects of the industry; one that did not allow the 
industry to respond to market changes quickly. 
Current regulatory initiatives are intended to 
reduce the regulatory restrictions on supply 
and transmission in an effort to allow market 
forces to more effectively and quickly guide 
supply and demand for gas. 

"Transition costs " associated with 
changes in regulatory policies can be substan
tial, particularly with the movement toward a 
more competitive market as was initiated by 
the Federal Energy Regulatory Commission's 
(PERC) Order 380. These costs arise mostly 
from reforming the contractual arrangements 
entered into during the previous regulatory 
era. The issue of transition cost responsibility is 
a significant one, which influences future con
tractual strategies and practices. 

Just as changing regulations have influ
enced the structure of the natural gas industry; 
advances in technology have also left a mark. 
Technology has made it possible to drill in 
deeper . water and into deeper reservoirs, into 
tighter �ands and into coalbeds , all with a 
greater likelihood that the well will successfully 
produce natural gas or oil. Thchnology has not 
only increased the number of reservoirs from 
which gas can be economically produced, but it 
has increased the percentage of reserves that 
can be recovered. Thchnology in transmission 
and storage has allowed gas to efficiently serve 
new markets or attach new reserves to the na
tionwide pipeline grid. Decreases in demand 
due to improvement in the energy efficiency of 
gas-fired appliances and process equipment 
and to advances in conservation technology are 
being offset by new uses for gas in power gen
eration, transportation, and cooling. 

This section on historical perspective will 
review the growth of the modern gas industry; 
first by describing the industry today and then 
by exploring the history of its regulation, re
source base, and demand patterns, and the de
velopment of the transmission and storage in
frastructure. 



Early Use of Gas 

"Natural gas" is mostly methane and is 
generally believed to be a product of the de
composition of organic material. The gas, once 
formed,  may migrate underground until 
trapped in a geological formation,  from 
whence it is produced by drilling a well into the 
reservoir. The gas is then transported to mar
ket through pipeline facilities. 

The U.S. gas industry was born 1 75 years 
ago when in 1 8 1 6  gas manufactured from coal 
was used to illuminate the streets of Baltimore, 
Maryland. Users of gas in the 1 800s either 
burned gas produced locally or gas manufac
tured locally from coal, as the technology to 
transport gas long distances did not yet exist . 
A national market , supplied by interstate 
pipeline transmission systems, began to evolve 
in the 1 920s with the development of seamless 
welded pipe. This technology provided indus
trial and residential markets access to huge re
mote supplies of natural gas, and the location of 
the supply relative to the market decreased in 
importance. The use of manufactured gas de
clined in light of the availability of the less ex
pensive "natural" gas alternative . The gas 
market has continued to evolve over the last 60 
years, expanding to serve millions of end users 
while adapting to regional shifts in supply and 
markets. 

Modern Gas Industry 

The gas industry today is segmented into 
clearly defined functions: production, transmis
sion, and retail distribution. This is largely due 
to the fact that the transmission and distribution 
businesses were historically considered mo
nopolies and are each regulated by different 
entities. The PERC regulates the jurisdictional 
activities of interstate pipelines. State public 
service commissions regulate the activities of 
intrastate pipelines and local gas distribution 
companies. This regulation involves the ap
proval of mechanisms and rates that allow the 
recovery of the costs of providing service while 
protecting customers from monopoly prices. In 
addition, the Public Utility Holding Company 
Act closely regulates companies that own dis
tribution companies. 

The regulatory jurisdiction of the federal 
government and of the states also evolved to 
be mutually exclusive. As a result, the functions 

of production, interstate transmission, and retail 
distribution are generally performed by differ
ent corporate entities. 

With the advent of open-access trans
portation on interstate pipelines, additional 
market participants, such as independent and 
pipeline- or producer-affiliated gas marketing 
companies, have been formed in recent years. 

A gas producer explores for, locates, de
velops, and produces gas from the field. The 
producer then sells the gas into the intrastate or 
interstate market . Intrastate sales are made by 
producers to intrastate pipelines, retail distribu
tion companies, or commercial and industrial 
customers within the producer's state. Inter
state sales were traditionally made by produc
ers to interstate pipeline companies,  but in
creasingly in recent years interstate sales have 
also been made directly to brokers, local distri
bution companies (LDCs) , and commercial and 
industrial customers. Indeed, many large pro
ducers have formed large marketing depart
ments to pursue directly the pipeline's tradi
tional sales markets. 

Historically; interstate pipeline companies 
carried out a merchant/aggregation function for 
virtually all gas flowing in interstate commerce. 
The pipelines purchased gas from producers at 
the wellhead and resold it to local distribution 
companies and, to a lesser extent, directly to 
industrial users .  With recent regulatory 
changes, interstate pipelines are serving prin
cipally a transportation role as opposed to a 
sales role. There are about 32 major pipeline 
companies regulated by the PERC as individual 
companies. Recent consolidation has limited 
the ownership of these 32 to 1 8  companies. 

Local distribution companies historically 
purchased gas from pipeline companies, which 
the LDCs then -resold to industrial, commercial, 
and residential customers. Under state law, 
LDCs are usually granted exclusive . local fran
chises in exchange for regulation of their retail 
rates and services and for the obligation to pro
vide service to anyone desiring it. 

There are nearly 1 ,300 LDCs in the United 
States. Only a few do business in more than 
one state, and only a few are owned by or affili
ated with an interstate transmission company. 
About two-thirds are owned by municipal gov
ernments. 
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Many small marketing or brokering com
panies were formed in the mid-1 980s when the 
FERC imposed open-access transportation on 
pipelines. These companies provide the ser
vice of matching buyers to sellers of gas and ar
ranging transportation. Their customers are 
LDCs and large end users. Consolidation has 
occurred among the marketers, and some large 
brokers are emerging. As noted, producers 
have also set up their own marketing depart
ments or subsidiaries to compete with the inde
pendent companies, as have pipeline compa
nies. Independent marketing appears to have a 
future role in serving the many small producers 
that have not established a marketing expertise 
and in providing aggregation for buyers. 

The earliest interstate pipeline systems 
connected one market to one supply basin. 
Over time, as new markets and supply sources 
were found, pipeline systems were expanded, 
extended, and at times interconnected as was 
necessary to provide natural gas service in a 
cost-effective manner. The result is a system of 
natural gas pipelines each built to serve spe
cific markets with supply from specific geo
graphic areas. 

Each interstate pipeline was designed to 
serve a different market or purpose. Some 
were built primarily to supply other pipelines, 
others to move oil or oil products during World 
War II. Some pipelines are long-haul lines built 
to serve a primary market far from the supply 
area, while others are regional in nature and 
may be configured like a spider web network 
in order to serve industries and towns through
out a particular region. Whatever the genesis 
of a specific pipeline system, over time the sys
tems have become interconnected. Initially this 
interconnectivity was primarily to provide 
emergency back-up for a system in the event 
of a supply or mechanical failure. More re
cently; regulatory policies have encouraged a 

. national pipeline grid where interconnectivity 
can serve to facilitate the working of market 
forces in the supply of and demand for gas. 

Throughout the history of the domestic 
natural gas industry, gas has served several 
distinct markets. As a result, gas demand must 
be viewed by end use in order to understand 
the market dynamics. Today, consumption of 
gas by industries represents 37 percent of total 
gas demand. Residential and commercial use 
for cooking, heating, and cooling represents 39 
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percent. Power generation makes up 1 3  per
cent of total gas demand. 

Even within each market, differentiation is 
apparent. For example, industrial gas use as a 
feedstock for fertilizer is driven by the agricul
ture economy, while demand for gas to supply 
process heat is impacted by the national econ
omy and, to some degree, by the price of alter
native energy sources. 

The sources of natural gas supply have 
multiplied over time. In the earliest years of the 
gas industry, gas was manufactured from coal. 
With improvements in piping and compression 
technology, natural gas eventually displaced 
coal gas. In 1 930, gas supply was either local 
or from a few large remote reservoirs in the 
Southwest. Today, the number of locations of 
gas reservoirs has spread. Thirty-four of the 
lower-48 contiguous states have gas produc
tion. Seventy-one percent of all of the gas con
sumed has moved in interstate commerce. Im
ports of gas from Canada and Mexico are 
possible and gas can be imported in liquefied 
form from Algeria and other countries. Tech
nology has made it possible to produce natural 
gas from coalbeds, from tight sand and shale 
formations, and from extremely deep water. 
The resource base is large and diversified. 

Another characteristic of the modern gas 
industry is that it has suffered numerous 
changes in the laws and regulations that govern 
prices, transportation, and end use .  While 
generally the regulations were changed to rem
edy specific problems, the dislocations caused 
by the changing regulations have left each seg
ment of the industry scarred m some way and 
have slowed the assimilation of the changes. 

The current transition to open access, be
gun with FERC Order 380 in 1 984 , has been 
particularly long and drawn out. The most re
cent step in this transition, the FERC Orders 636 
and 636A, will not be fully implemented until 
the winter of 1 993-94, and certain aspects of 
the transition could extend several years be
yond that date. 

History of Federal Regulation 

Natural Gas Act of 1938 
As noted earlier, the invention of seamless 

welded pipe made the long-distance trans
portation of gas possible and provided markets 



for the large gas discoveries of the 1 920s and 
1 930s. A couple of factors combined to influ
ence the Congress in 1 938 to pass legislation to 
regulate the interstate transportation and sale 
for resale of gas. First, there was concern that 
the interstate gas transmission industry was a 
monopoly dominated by a few large compa
nies. A 1 935 report of the Federal Trade Com
mission I suggested that natural gas prices were 
being distorted by this concentration of control. 
Second, although the markets were local and 
could be regulated by the states, sales for re
sale in interstate commerce could not be regu
lated by the states, creating a "regulatory gap: ' 

In enacting the Natural Gas Act of 1 938 
(NGA) , 2 the Congress chose not to make 
pipelines common carriers but rather to subject 
the contracts between the pipelines and their 
customers to regulatory review on a case-by
case basis. The NGA recognized the interstate 
pipelines as monopolies and set the stage for 
intensive regulation of every aspect of the inter
state gas transmission industry. The basis for 
this regulation was the determination of "just 
and reasonable" rates for natural gas compa
nies engaged in the sale for resale of gas in in
terstate commerce.  "Just and reasonable " 
quickly came to mean that a pipeline's allowed 
rates would be based on a pipeline's actual 
costs of providing service plus some allowance 
for the pipeline's investors to earn a return. 

In the NGA, the Congress also provided a 
certification process to approve new services 
and the construction of new facilities. In order 
to provide additional protection to users of gas, 
the Act also prohibited natural gas companies 
from abandoning jurisdictional services or fa
cilities without regulatory approval even upon 
the expiration of a contract . This "service obli
gation" required pipelines to back up their 
sales services with long term gas supply con
tracts. New projects , in order to be certifi
cated, had to be backed by firm supply ar
rangements as well. 

1 Final report of the Federal Trade Commission to 
the Senate of the U.S. pursuant to S.Res.83, 70th Congress 
1st Session (1935) . 

2 U.S .C .  7 1 7-7 1 7W ( 1 938) ; note , however, that 
there is a common carrier requirement in the Mineral 
Leasing Act as it pertains to pipelines that cross public 
lands and that there are open and non-discriminatory ac
cess provisions in the Outer Continental Shelf Lands Act. 

All segments of the industry were gener
ally satisfied with this arrangement for a while, 
and it encouraged the growth of the transmis
sion industry. Producers had guaranteed mar
kets for their gas. Pipelines were assured cost 
recovery and were insulated from competition. 
Distributors were assured continuity of service 
and were protected from monopoly pricing. 

Phillips Decision 

The Federal Power Commission (FPC, 
forerunner of the PERC) did not regulate the 
price of gas at the wellhead in the years imme
diately after the passage of the Natural Gas Act. 
The Supreme Court ruled, however, in its 1 954 
Phillips3 decision that the NGA required regula
tion of the price of natural gas at the wellhead. 
The effect of the decision was to create a two
tiered market , where the wellhead price of gas 
produced for sale into the intrastate market was 
not regulated and the wellhead price of gas 
sold into the interstate market was regulated. 

The FPC tried various schemes to regulate 
the maximum gas price that could be charged 
for gas, as the burden of regulating each indi
vidual gas contract on a cost-of-service basis 
was impossible. Even the alternatives to indi
vidual cost-of-service determinations turned 
out to be administratively overwhelming. For 
example, the FPC tried to determine cost-of
service rates on an area-by-area basis ; these 
area rate proceedings took about ten years to 
complete. In the meanwhile, interim area rates 
were allowed that were based largely on histori
cal contract prices, prices that reflected lower 
costs from earlier times. 

Under these procedures the regulators 
erred on the side of low gas prices, so that by 
the late 1 960s the price of new production sold 
into the price-unregulated intrastate market be
gan to rise above the price of newly contracted 
interstate gas. The effect of artificially low gas 
prices stimulated demand, yet discouraged 
natural gas exploration activities for the pur
pose of serving the interstate market. By the 
early 1 970s spot shortages of gas began to ap
pear, and industrial use of gas had to be cur
tailed. During the harsh winter of 1 976-77 ,  the 
shortage had become severe 

.
in the interstate 

3 Phillips Petrolerim Co. v. Wisconsin, 347 U.S. 672 
(1954). 
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market, and gas was curtailed to industrial cus
tomers and p6wer generators in the Northeast, 
Midwest, and Mid-Atlantic states. "Curtailment 
plans" to ration gas were devised, and many in 
the industry became convinced that the short
age was chronic and would be getting worse. 

Natural Gas Policy Act of 1978 
It took the extreme emergency of the win

ter of 1 976-77 to produce a consensus in the 
Congress that legislative action was necessary 
to remedy the shortages. Even with that con
sensus, competing interests in the Congress 
produced a complex series of compromises 
that became the Natural Gas Policy Act of 1 978 
(NGPA) . 

The objective of the NGPA was to deregu
late gas prices and allow them to increase to 
market rates in order to encourage gas explo
ration and to reduce price differentials with in
trastate gas so that gas would flow to the inter
state market . Complete and immediate 
decontrol of wellhead prices was not achiev
able due to consuming states' concerns about 
the impact of a rapid price rise on their citizens 
and industries. What passed was a "phased 
decontrol" of a complex array of different cate
gories of gas. In addition, intrastate gas was 
made subject to NGPA pricing provisions . 
Some categories of gas were deregulated over 
several years. Others were price-regulated 
through built-in escalators on the maximum 
lawful price (caps) that could be charged for 
each category. In the latter case, these escala
tors were intended to bring the cost of the gas 
under a particular category up to a market 
level, competitive with other fuels. Since the 
·estimates of the late 1 970s were that oil prices 
would escalate at a rate greater than inflation, 
these escalators caused the price of such gas 
to eventually exceed market prices. 

It should be noted that while the NGPA did 
not price gas directly; it set maximum lawful 
price caps on each of the various categories. 
In the sellers' market of the late 1 970s, pipeline 
buyers could not compete for scarce interstate 
gas by bidding more than the maximum lawful 
price. Producers required, and were able to 
obtain, price terms tied to the highest allow
able rate. Under such provisions, escalating 
price caps translated to escalating gas prices 
under contracts that included these terms. 
Prices of gas sold under some contracts even-
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tually exceeded $ 1 0  per thousand cubic feet 
(MCF). Pipelines were able to "roll in" the cost 
of higher priced new gas with that of gas under 
older contracts so that the interstate market did 
not see the marginal price of new gas. 

The higher prices for new gas after the 
passage of the NGPA did encourage the search 
for and development of new gas reserves. In 
fact, drilling activity peaked in 1 98 1  at 3 ,970 
rigs operating in the continental U.S. , almost 
four times the rigs operating in 1 97 0 .  The 
higher gas prices, however, discouraged de
mand. The net effect of the reserve additions 
arising from the new drilling and the demand 
erosion due to higher prices, legislated restric
tions on gas use, and the national recession of 
1 982, was that the shortage became a surplus. 
In the surplus, the maximum lawful prices of 
gas under various pricing categories began to 
exceed the market price of gas. Industrial cus
tomers that could switch to fuel oil did so, fur
ther depressing gas demand. 

The existence of a surplus resulted in the 
birth of a spot market , i .e . , gas available for 
sale and not dedicated under a pipeline con
tract. In the surplus, the spot market price of 
gas was lower than the pipeline's average cost 
of gas. Pressure was put on the PERC to allow 
access to this low-cost gas by gas consumers, 
formerly served exclusively by sales from 
pipelines. At first, proposals to allow access to 
spot market gas to serve industrial users that 
would otherwise switch to alternative fuels 
were promoted by the pipelines and approved 
by the PERC as "special marketing programs;" 
these special marketing programs were later 
challenged as being discriminatory. The tradi
tional sales for resale market continued to be 
served with the higher cost gas under contract 
to the pipelines. 

FERC Orders 380, 436, 636 
Since the pipelines had minimum bill ar

rangements with their resale customers that in
cluded gas costs, the PERC viewed these pro
visions as discouraging resale customer 
purchases of lower priced spot gas. To en
courage purchases of lower cost supplies by 
pipelines' resale customers, the FERC in its 
1 984 Order 380 required the removal of gas 
costs from minimum bills. In the 1 985 case, 
Maryland People� Counsel v. FERC, the D. C. 
Court of Appeals found that preferential access 



to spot market gas was discriminatory, and the 
FERC was directed to respond by providing 
non-discriminatory access. This was accom
plished by PERC Order 436, issued in October 
of 1 985, which required that pipelines provide 
non-discriminatory access to transportation 
services. 

The pipelines' minimum bills to their re
sale customers, invalidated in Order 380, viere 
used to offset similar obligations pipelines had 
to producers under take-or-pay contracts.4 The 
PERC chose not to require modification of the 
corresponding take-or-pay provisions in the 
pipelines' contracts with their suppliers when it 
issued Order 380. 

As pipelines began to transport spot gas 
for resale customers under these orders, they 
displaced their own sales gas, and their take
or-pay liabilities to producers mushroomed. 
The FERC estimates that pipelines paid pro
ducers $8.2 billion to settle $44 billion in take
or-pay liabilities by 1 989. The pipelines still 
have some take-or-pay contracts in effect. 

By 1 99 1  only 1 6  percent of annual inter
state gas volumes were pipeline sales, even 
though the pipelines had been required to 
stand ready to supply the bulk of their cus
tomers' requirements. These sales occurred 
largely during the winter heating season, when 
the only capacity available was dedicated to 
flrm pipeline sales services and w:hen inter
ruptible transportation service was not gener
ally available. 

'Ib complete the transition to open-access 
transportation and to end the uncertainty the 
industry had been operating under since the 
issuance of Order 436 in 1 985 , the FERC is
sued Order 636 in 1 992.  This "restructuring 
rule" allows non-pipeline merchants to com
pete with the pipeline for gas sold under any 
firm transportation service. It also relieves the 
pipeline of its traditional merchant service obli
gation and provides opportunities for pipelines 
to restructure their remaining gas supply con-

4 Take-or-pay contracts required pipelines to pur
chase a minimum percentage of a well's deliverability 
and to pay for the gas regardless of whether or not they 
took the gas (subject to certain opportunities to take the 
gas later). Pipelines entered contracts with these provi
sions during the shortages when they could not compete 
with other buyers on price because of the maximum law
ful price caps. 

tracts in order to match the requirements of 
their remaining sales services. 

Historically, whatever aspects of gas pro
duction, transmission, and distribution that did 
not fall under federal jurisdiction were regu
lated by the state, usually by a state public ser
vice commission or utility commission. Since 
federal jurisdiction over interstate transmission 
is almost total, state regulation is directed at 
distribution activities and certain aspects of 
production. LDC regulation may involve rate 
approval , LDC gas purchase oversight , and 
service area determinations. State regulation 
of production usually involves gathering, in
trastate transmission, and resource manage
ment issues. All of the states do not approach 
their gas regulation in the same way, although 
they must all react with changing federal regu
lations. 

Development of Markets 

Gas consumption grew from a little under 
2 trillion cubic feet (TCF) in 1 930 to 22 TCF in 
1 972. Historical gas demand growth, however, 
should not be viewed in total. Natural gas is a 
versatile resource that serves many uses: as an 
industrial fuel; in residential cooking, heatilig, 
and cooling; for power generation; and as a 
chemical feedstock. Demand in each of these 
submarkets has been affected by a myriad of 
factors. 

In the national energy mix, the share of gas 
is currently 24 percent of primary energy de
mand. The price, availability, and clean-burning 
qualities of gas relative to other energy alterna
tives influence the share of total energy demand 
supplied by natural gas. While price is a pri
mary consideration in the choice of fuel, instan
taneous price is not the overriding factor in fuel 
selection for all gas consumers. Energy-using 
equipment is capital-intensive and economic 
"sunk" costs can dampen fuel switching, partic
ularly in residential and commercial markets. 

Market Development by Segment 

Residential and Commercial Sector 

Historically, residential demand for gas in 
the short term has been driven by weather 
and in the longer term by the cost of alterna
tive fuels and by the technologies and prac
tices that enhance conservation. Regional or 
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local availability of natural gas supplies has 
also been a factor in the level of demand, as 
many areas of the United States did not have 
the transmission or distribution facilities to pro
vide residential service 60 years ago. 

In 1 930, the residential sector consumed 
one-third of a TCF of natural gas, which repre
sented 1 6  percent of all gas consumed. As gas 
became more available nationally, it rapidly 
gained share as a residential cooking and heat
ing fuel. By the 1 960s, residential consumption 
peaked at 26 percent of the natural gas market, 
and gas was found in 43 percent of the homes 
in the United States. During this period of 
growth, residential gas consumption not only 
grew with the country, but grew at the expense 
of other fuels such as coal and fuel oil, due to 
its price, cleanliness, and ease of use. 

During the late 1 970s, gas demand de
clined, partly due to conservation efforts un
dertaken as a result of the energy crisis and 
partly due to price competition from electricity 
for space heating and air conditioning. More 
recently; the gas share of new residential con
struction has been rising and is at its highest 
percentage since 1 988. 

The commercial sector of gas demand 
has always been the smallest sector. It has only 
grown from 5 percent of gas consumption in 
1 930 to 1 4 percent in 1 990. 

Electric Utility Sector 

The pattern of gas consumption by elec
tric utilities generally mirrored industrial con
sumption, but at a lower volumetric level. This 
reflects the price-sensitive nature of the electric 
utility users because they; like many industrial 
users, have substantial fuel switching capability: 
In addition, because of the relatively high fixed 
cost of certain types of electric generation 
plants such as nuclear plants, utilities tend to 
use these plants for baseload generation and to 
rely on gas for peaking or for stand-by ser
vices. 

The use of natural gas in power genera
tion grew slowly, reaching 1 TCF in 1 954 .  
From 1 954 until 1 97 1 ,  consumption by this sec
tor grew rapidly, peaking at 4 TCF in 1 97 1 .  
During the 1 970s, gas demand by electric util
ities declined by 25 percent due to the rela
tively cheap cost of coal and appearance of 
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gas curtailments. It was during the late 1 970s 
that the electric utilities began to view gas as a 
diminishing resource. This perception was 
strengthened by the passage of the Powerplant 
and Industrial Fuel Use Act in 1 978. The ad
vent of the gas deliverability surplus and open
access transportation has not caused gas con
sumption by electric utilities to  rise 
significantly. In 1 990, gas use for power gen
eration approached 3 TCF. 

Industrial Sector 

The general level of economic activity af
fects demand for gas through its influence on 
industrial energy requirements. Industrial de
mand for gas is very sensitive to the level of ac
tivity in the economy and to the price levels of 
alternative fuels , such as coal and fuel oil .  
Since industrial demand is such a large fraction 
of the total gas market, it has historically been 
key to the health of the industry. 

In 1 930 , industrial consumption of gas 
represented 39 percent of all natural gas con
sumed. The industrial activity associated 
with the war effort in the 1 9 40s caused a 
rapid increase in the demand for gas and put 
a strain on the gas transportation infrastruc
ture and on supply availability: After the war, 
the demand continued to grow, peaking at 
nearly 9 TCF in 1 973. 

The curtailment of the 1 970s and the pas
sage of the Powerplant and Industrial Fuel Use 
Act convinced many industrial gas customers 
that gas was a diminishing resource and that it 
would not serve as a reliable .fuel. These in
dustries installed the capability to switch to al
ternative fuels such as coal or oil. 

Industrial gas demand dropped 1 8  per
cent between 1 98 1  and 1 982 ,  due to the na
tional recession and relatively low oil prices. 
This decline in industrial consumption in the 
early 1 980s was a significant factor in the for
mation of the gas deliverability surplus that de
veloped. 

Regulatory rate and transportation poli
cies along with low gas prices have allowed the 
gas industry to recoup some of the market 
share lost in 1 982. The industrial consumption 
of 7 TCF in 1 990 is higher than at any time 
since 1 981 . 



History of Supply 

Overview of Resource Base 

Important to understanding the dynam
ics of the gas industry is knowledge of the ex
tent of available reserves and of the interplay 
between gas price and exploration and de
velopment activity. One factor affecting sup
ply and price is the ability of new technology 
to make previously non-economic reserves 
economic and to improve the success rate of 
exploratory wells . Technology that has re
sulted in an increase in producible reserves 
includes fracturing techniques for tight for
mations, coalbed methane recovery technol
ogy; ultra-deep-water drilling technology; and 
horizontal drilling, among others. 

There are several aspects to quantifying 
gas "supply:" 

• Well deliverability 

• Proved reserves 

• Total resources. 

Deliverability, the capacity to produce gas, 
is a measure of the rate at which gas can be 
produced, not a measure of the adequacy of 
the inventory of gas. Deliverability can be in
creased through the drilling of wells in existing, 
developed fields or in previously undeveloped 
reservoirs. In general, such investment in new 
wells is undertaken when the market can ab
sorb the gas that will flow from the new wells at 
prices that will allow the producer to earn a re
turn on its investment. Proved reserves, on the 
other hand, are a measure of inventory, a frac
tion of the total resource base that has been 
measured and is known to be economically re
coverable. 

Domestic Resources 

In the latter part of the 1 960s, additions to 
the proved reserve inventory fell below annual 
production volumes as producing companies 
reacted to the increasing economic pinch of 
low (regulated) gas prices and rising costs . 
Producers cut back on exploration and devel- . 
opment of new gas resources as a means of re
ducing their inventory (proved reserves) of gas 
to a more economically efficient level. The 
shortages of the late 1 970s were not caused by 
an actual shortage of resources but were rather 
a reaction to market conditions that made de-

velopment of further resources uneconomic. 
When prices were raised enough to make 
drilling for higher cost reserves economic, a 
flurry of drilling activity resulted in reserve re
placement that exceeded production. 

Imports 

The United States has been largely self
sufficient in its consumption of natural gas. It 
has only been importing and exporting natural 
gas to any measurable degree since 1 955, and 
importation of 9 percent of its requirements in 
1 99 1  was the highest level of gas imports ever. 
Although the United States has historically ex
ported natural gas to Jap an , Mexico,  and 
Canada, it has been a net importer of natural 
gas since 1 958. The growth in net imports has 
not been steady; however, as government regu
lation (in this country and others) has at times 
been in conflict with market forces and chilled 
the international gas trade. 

Canada has by far been the largest sup
plier of gas to the United States. This is primar
ily due to the large gas reserves in Canada and 
their relative proximity to northern U.S. markets. 
Net imports from Canada grew from the late 
1 950s until l 973 ,  when regulatory policies in 
Canada resulted in Canadian gas being priced 
higher than U.S. domestic gas. In 1 983 Cana
dian regulatory reforms were initiated that ,  
along with the passage of the 1 989 Free 'Iiade 
Agreement with Canada, began to make Cana
·dian supplies increasingly competitive in the 
U.S. market. Canadian imports have recently 
surpassed their 1 97 3 peak, reaching 1 .  7 TCF or 
9 percent of total U.S. consumption in 1 99 1 .  

Mexico has not been as significant an ex
porter of natural gas to the Unit�d States as has 
been Canada. Although Mexico has large 
proved reserves relative to its domestic con
sumption, lack of pipeline infrastructure and 
capital are considered primary reasons why 
Mexico has not played a larger role in supply
ing U.S. gas demand. Between 1 980 and 1 984 
Mexico was exporting an average of 86 billion 
cubic feet (BCF) per year to the United States. 
These exports were suspended at the end of 
1 984 due to U.S. and Canadian price declines. 
In recent years, the United States has been an 
exporter of gas to Mexico as Mexico concen
trates on displacing higher polluting fuels with 
gas in power generation and industrial markets. 
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During the 1 970s, a new supply source 
became available to satisfy U.S. gas demand: 
liquefied natural gas (LNG) . As the gas short
age became evident in the 1 970s, several gas 
transmission companies built terminals to re
ceive gas in liquid form at cryogenic tempera
tures. Gas was liquefied through refrigeration 
in Algeria and shipped to one of four terminals 
on the East and Gulf coasts. 

LNG imports peaked at 253 BCF per year 
in 1 979. Although LNG imports were viewed at 
the time as an effective way to avoid curtail
ments caused by supply shortages, several fac
tors combined to halt gas imports for a time. 
The Natural Gas Policy Act limited pipelines' 
abilities to roll-in the higher cost of LNG sup
plies. The LNG price was tied to higher-priced 
fuels, and the contracts included 1 00 percent 
take provisions. These provisions along with 
the recession of the early 1 980s and the emer
gence of the spot market resulted in LNG being 
uncompetitive with domestic supplies. Imports 
had ceased at each of the terminals by 1 986. 

Imports resumed to one of the four termi
nals in 1 988 and to another in 1 989. Pricing of 
LNG under these contracts has been modified 
to be more market-responsive. 

Nonconventional Gas Supplies 

Traditionally, natural gas was either pro
duced in association with oil or from reservoirs 
where the geology made it readily recoverable . .  
With advances in production techniques, gas 
that was not considered to be economically 
producible many years ago is available to meet 
demand today. Due to the different nature of 
these resources, and knowledge about their 
extent, these resources are considered to be 
"nonconventional." Two examples of natural 
gas from nonconventional sources, which are 
becoming more significant contributors to the 
domestic supply mix , are "tight " gas and 
"coalbed methane" or "coal seam gas:• 

Tight gas is that produced from formations 
in which the natural permeability is very low, 
making it difficult for the gas to flow through the 
formation to the well. The advent of hydraulic 
fracturing techniques in the 1 940s and subse
quent advances in fracturing have made it pos
sible for tight gas to be economically pro
duced. The NGPA recognized the potential of 
tight gas to contribute to U.S. supply and pro-
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vided incentive prices for this production. In 
addition, a nonconventional fuels tax credit was 
provided in 1 980 to assist in the commercial 
development of tight gas. By 1 98 1  production 
from tight gas wells reached 1 .2 TCF. With the 
decline of gas prices in the early 1 980s and 
with much of the tight gas becoming ineligible 
for the tax credit after its deregulation, tight gas 
became less attractive and its production de
creased. With amendment of the tight sands 
eligibility provisions for the tax credit in 1 990, 
tight gas development once again began to ac
celerate, and production is expected to reach 
nearly 2 TCF in 1 992. 

Methane is present in coal and is a chief 
reason for coal mine fires. Traditionally coal 
mines are well ventilated in order to allow the 
methane trapped in the coal to be vented to the 
atmosphere without the danger of a com
bustible mixture of air and methane. Experi
ence ,  improved techniques for producing 
coalbed methane from unmined coal seams, 
and the stimulus of a federal production tax 
credit have resulted in a significant addition to 
the U.S. gas resource base . Production of 
coalbed methane gas has increased from 40 
BCF in 1 988 to about 350 BCF in 1 99 1 .  

Changes in Contracting Practices 

Important to understanding the impact of 
regulatory transitions on the dynamics and the 
financial health of the natural gas industry is an 
understanding of the contracting practices em
ployed prior to these transitions. 

During the growth years of the transmis
sion industry, the contracts under which pro
ducers sold gas to pipelines were necessarily 
long term (e.g. , for 20 years or for the life of the 
gas reserves) . Long-term contracts gave the 
lenders of capital assurance that sufficient re
serves were connected to the pipeline to allow 
it to amortize the capital cost of construction 
and gave the regulators and the pipelines' cus
tomers assurance that the facilities included in 
the rate base would be useful over their life. 

Historically; pipelines were gas merchants 
and were not required to provide transporta
tion. Thus a long-term contract with a pipeline 
also gave the producer and its lenders some 
certainty that it would be able to sell its gas. 

When the regulators began controlling the 
wellhead price of gas below its market price in 



the 1 970s, producers slowed exploratory and 
development drilling, and shortages devel
oped in the interstate market . The PiJ;>elines 
were in critical need of  gas and , smce a 
pipeline could not compete with other 
pipelines for a package of gas on the basis of 
price (given regulation of maximum lawful 
prices) , it bid on the basis of non-price terms. 
Such non-price terms typically would include 
"take" provisions (such as requiring a pipeline 
to take a specified percentage of deliverabil
ity) . Terms may also have included pricing 
terms, such as requirements that a pipeline pay 
the producer an amount equal to the highest 
price it was or would be paying other produc
ers of gas in a particular area. · 

When the deliverability surplus became 
apparent during the recession in the early 
1 980s and when new supply sources came on 
line after institution of the higher post-NGPA 
prices, pipelines were not able to perform un
der take-or-pay contracts signed during the 
shortages. The inability of a pipeline to take 
gas that it was obligated to take was made 
worse by PERC actions that gave the pipelines' 
customers the opportunity to buy cheaper spot 
gas from others and use the pipeline for trans
portation of this third-party gas. 

The transition to open access, which be
gan in 1 985 with Order 380 , has�ot yet been 
completed. The pipelines, encumbered with 
contracts entered into during a period of regu
latory induced shortage, have not been able to 
completely reform or terminate these con
tracts. 

In the open-access world, end users can 
enter long-term contracts directly with produc
ers, but seem reluctant to do so, apparently for 
two reasons. First , for the last several years 
market participants have known that some reg
ulatory changes were necessary to bring sta
bility back to the industry. There has been a 
reluctance to enter long-term arrangements 
when significant regulatory change is immi
nent . Second, with the low gas prices of the 
deliverability surplus, producers have wanted 
to wait until prices firmed, and end users have 
been content to buy historically inexpensive 
spot gas on a 30-day basis, apparently finding 
security in the fact that pipelines still have their 
obligation to serve their traditional customers 
with merchant gas. Exacerbating these differ
ing views has been the disagreement as to 

whether long-term contracts should command 
price premiums or discounts. 

PERC Orders 636 and 636A are intended 
to complete the transition to open access and 
to allow market forces to work on gas supply 
and demand. Once this order is fmal, it is ex
pected that some of the stability historically 
provided by long-term contracting will return. 
Orders 636 and 636A give parties an opportu
nity to negotiate their own contractual terms 
and relieve the pipelines from their obligation 
to stand ready to supply historical customers if 
their own supply arrangements fall through. 

Growth in Capacity and Intercon
nection of Transmission and Stor
age FacWties 

The modern interstate pipeline systems 
began in the 1 920s, with the development of 
seamless welded pipe that allowed for the 
transmission of gas over long distances. With 
the discovery of large gas reserves remote 
from developing markets, the growth in trans
mission pipe was strong. In the 1 930s, 50,000 
miles of transmission line were in operation. 
'lbday there are over 280 ,000 miles of pipeline. 

In the 1 9th century; the domestic gas in
dustry was dominated by manufactured gas, 
typically produced locally and used to illumi
nate urban areas. By the beginning of this cen
tury; Pennsylvania and West Virginia were the 
leading gas producing states, and small inter
state natural gas markets had come into exis
tence in the Northeast and Midwest.  But a se
ries of  events soon created an enormous 
incentive to expand the market . From 1 9 1 6  
through the 1 930s, massive natural gas discov
eries, including the Monroe, Hugoton, Panhan
dle, and San Juan fields, vastly expanded avail
able supply and moved the geographic center 
of proved reserves to the Southwest Central re
gion. The development of seamless welded 
pipe put this gas within reach of the industrial 
markets in the Midwest. 

By 1 930 , when longer-distance pipeline 
construction had become a proven technology; 
the interstate pipeline system consisted of four 
regional sections disconnected from each 
other: 

• The Mid-Atlantic/Appalachian area, in
cluding Ohio 
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• An area essentially cqnnecting the South
west Central and Central regions with the 
Gulf Coast states, excluding Florida 

• Small segments spread throughout the 
North Central states 

• The intrastate system in California. 

Development of the transmission lines · 
paralleled the growth in demand through the 
early 1 970s. Despite the peak in consumption 
in 1 972,  regional shifts in markets and supply 
areas have required continuing expansion of 
pipeline facilities. Since the 1 972 peak, the in
dustry has added over 2 0 , 000 miles of 
pipeline. Complementing the growth of trans
mission lines was the expansion of storage sys
tems. As gas markets become increasingly 
seasonal with the growth of the residential and 
commercial sector, storage located near mar
ket centers was needed both as a seasonal 
supply source and as a safeguard against unex
pected supply interruptions. Underground 
storage was first attempted in the 1 880s in the 
depleted oil and gas reservoirs of the Ap
palachian basin. The first successful under
ground storage facility in the United States was 
in Kentucky in 1 9 1 6. 

Some highlights in the development of 
transmission and storage facilities are summa
rized below: 
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1930s Through World War H 

• The initial connections between Southwest 
Central suppliers and Midwest markets 
were made in 1 93 1  (Natural Gas Pipeline 
Company of America, Panhandle Eastern 
Pipeline Company. and Northern Gas and 
Pipeline Company) . By 1 944, Tennessee 
Gas Pipeline Company linked the South
west Central region with Appalachia 
through a 1 ,265-mile pipeline. 

• Storage capacity increased at an annual 
average rate of 1 9  percent from 1 930 to 
reach 25 1 BCF by 1 945. About half of that 
capacity was added in the period from 
1 935 to 1 937.  

Post-World War II through 1910 
• Conversion of the long-distance World 

War II oil pipelines ,  Big Inch and Little 
Inch, to natural gas (Thxas Eastern 'Trans
mission Corporation) provided the initial 

connection between Southwest Central 
supplies and Mid-Atlantic markets in 
1 947 . 

• The Southwest Central region and Califor
nia were connected in 1 94 7 (El Paso Natu
ral Gas Company). 

• In the 1 950s, new market connections in
cluded: Rocky Mountain producing re
gions to the Northwest (Pacific Northwest 
Pipeline Company), Canada to the north
ern United States (British Columbia's West 
Coast Transmission Company) , and the 
Gulf Coast to Florida (Houston Corpora
tion, now Florida Gas 'Transmission Com
pany).  

• By the late 1 950s, the domestic natural gas 
market was no longer separated by the 
Continental Divide as El Paso Natural Gas 
Company's connection to the Hugoton
Panhandle field and Northern Natural Gas 
Company's connection to the Permian 
Basin created transmission routes con
necting the Midwest and the Pacific Coast. 

• The United States became a net importer 
of natural gas . The major source was 
Canada, while some volumes also came 
from Mex:ico and from Algeria as LNG. 

• Vermont received natural gas service 
from Canada in 1 966, completing the link
age of all lower-48 states to natural gas 
service. 

• 'Transmission line mileage grew by 4 per
cent annually from 1 950 through 1 970 ,  
when it reached 252 thousand miles. 

• Capacity in underground storage grew by 
1 3  percent annually from 1 945 through 
1 970, when it reached 4.9 TCF. 

1910 to the Present 
• A unified, national pipeline grid was de

veloped, with extensive interconnections 
between systems. 

• Transmission line mileage increased at 
one-half percent annually, re aching 
280,000 miles in 1 990. 

• Storage capacity grew at 2 percent annu
ally, reaching 7 .8  TCF in 1 990. 

• The first LNG facility. Distrigas, in Everett, 
Massachusetts, began operation in 1 97 1 .  



This was followed by the opening of the 
Cove Point , Maryland, and Elba Island, 
Georgia, facilities in 1 978 . A fourth facility 
was opened in Lake Charles, Louisiana, in 
1 982. 

The Status Quo 

Natural gas already is a significant con
tributor to the nation's energy supply, as one 
would expect given its cost , environmental 
qualities, and the existing production, trans
mission, and distribution infrastructure. The 
number of potential new uses of gas, for exam
ple in transportation and power generation, is 
growing, and it appears that the recognition of 
gas' environmental qualities is now almost uni
versal. 

The industry is currently undergoing a 
regulatory transition that moves towards lighter
handed regulation and greater reliance on 
market forces. Although in this environment 
natural gas has the potential to make a greater 
contribution, increased consumption may be 
hindered by certain physical constraints and 
also by energy users' expectations and per
ceptions. Whether or not gas use can grow to 
meet its potential will depend on how the in
dustry addresses both the perception and the 
reality of existing constraints. These barriers, 
many of which are vestiges of the industry's 
history; are addressed in this study; along with 
strategies to mitigate them. 

CHALLENGES TO INCREASED 
GAS USE 

The natural gas industry faces several 
challenges as it moves toward the goals, out
lined in this study. These challenges arise from 
the experiences of companies from customers' 
experience with the industry in the past, and 
from concern about how the industry is chang
ing. Ignoring these challenges would be harm
ful to the industry, the national economy; and 
environmental policy. 

This section documents and explores the 
most important challenges-but does not at
tempt to answer them. These challenges, and 
the questions that defme them, arise directly 
from the observations and experience of 
study participants and from the perceptions of 
customers as solicited through the focus 
group process. To be clear about who needs 

to do what , these challenges are separately 
considered in two groups: those facing the in
dustry and those facing policy makers and 
regulators. 

The history of the natural gas industry in 
the United States has been dominated by ex
traordinarily intrusive governmental regulation. 
In many clear cases ,  that regulation can be 
shown to have distorted the operation of other
wise responsive, competitive markets. Conse
quently; while there might be much to explain 
about this history, it may not explain much 
about the future. 

Industry Challenges 

Study p articipants spent a significant 
amount of time focused on proposed changes 
in the way regulators should deal with the in
dustry; but agreed that the most important chal
lenges are the ones that the industry must meet 
itself. Consequently; the NPC considered chal
lenges to the companies of the natural gas in
dustry first. 

In general, challenges to the companies 
that make up the natural gas industry fall into 
three categories :  

• Reliability Concerns 

• Behavioral Issues 

• Lack of Customer Orientation. 

Each of these areas deserves some defmition 
and consideration .. 

Reliability Concerns 

Natural gas customers are concerned 
about the reliability of natural gas in meeting 
their energy needs. These reliability concerns 
arise from real experiences as well as percep
tions of customers; consequently the industry 
has the burden to prove it is reliable. Before at
tempting to address this issue , the industry · 
needs to pose the basic questions that naturally 
arise from its customers. 

"Will natural gas be available to cus
tomers in the future?" 

The history of the U.S. natural gas industry 
includes notable cases where natural gas did 
not prove to be reliable as judged by customer 

. needs. In particular, the curtailments of the 
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late 1 970s remain fresh in the memory of many 
energy consumers. Additionally; rare natural 
conditions such as the extended extraordinar
ily cold period in December 1 989 or the ef
fects of Hurricane Andrew in 1 992 serve to test 
parts of the natural gas delivery system. Each 
case was followed by intensive study; specula
tion, and, occasionally; policy change. 

Much of the concern about the industry's 
ability to deliver natural gas and related energy 
services in the future arises from these experi
ences. The industry has the obligation to prove 
to its customers that supply can be available in 
the future , that delivery systems can be in 
place, and that services can be developed that 
meet their needs. As, importantly; customers 
are concerned with whether all this can be ac
complished at a price that is competitive with 
other energy sources. 

"Can the natural gas industry �duce 
uncertainty about reliability?" 

Natural gas consumers' experience with 
reliability depends heavily on the type of cus
tomer served. In the past , reliability of natural 
gas service has been effective to residential 
and small commercial customers. With curtail
ments and confusion during regulatory change, 
industrial and power generation customers 
have had a less impressive experience with 
natural gas reliability. 

The industrial and power generation de
mand sectors not only have the greatest relia
bility concerns , but represent the most 
promise for growth. As commercial interac
tions within the natural gas industry shift from a 
regulated to a contractual base, some of these 
concerns should fade. However, the develop
ment of a set of reliable services designed to 
meet customer needs, and the marketing of 
those services, remains a serious challenge to 

. the industry. 

Ultimately; the best argument for reliability 
is a healthy; competitive, and service-oriented 
natural gas industry. As such an industry 
evolves ,  concerns that arise from its past 
should begin to fade. 

Behavioral Issues 

Sometimes, the behavior of natural gas 
companies undermines efforts to develop the 
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industry they want. Perceptions of inefficiency; 
fragmentation, and overdependence on gov
ernment regulation exist among customers. In
dividual companies are the only actors who can 
'overcome those perceptions. 

"Why isn't the natural gas industry · 
more efficient?" 

Many customers believe that the regu
lated sectors of the natural gas industry have 
little or no incentive to become more efficient. 
This perception arises from the belief that with 
regulation, economic incentives are masked 
and that regulatory game playing is rewarded. 
As regulation rolls back from potentially com
petitive markets within the industry; and as in
novative regulatory appro aches develop, 
these concerns can be addressed more effec
tively. 

"Why are natural gas companies al
ways fighting with one another?" 

Competition in the context of an open, 
competitive market creates very good results 
for customers. Unnecessary fighting, without 
regard to customer reactions in the context of 
regulatory hearings, sends dangerous signals 
to customers. Where that type of fighting gives 
the impression that different types of natural 
gas companies cannot work together, the cus
tomer will be convinced that reliable energy 
services cannot be developed. The conse
quences of how the industry fights regulatory 
battles, when they are necessary; should be 
kept in mind. 

"Will natural gas companies be able 
to manage with less regulation?" 

In the past,  regulators have provided the 
equivalent of a decision-making process re
garding the natural gas industry's future. In the 
emerging, more competitive market, individual 
businesses must develop their own vision of the 
future . If that vision is b ased on customer 
needs and followed by effective action, that 
company can flourish. If not, the company will 
fail, in spite of any regulatory efforts. 

The natural gas industry could try to 
blame all the challenges it faces on its regu
lated history; but ultimately it is the behavior of 
the companies making up the industry that has 
the greatest effect .  As regulatory constraints 



disappear and competition emerges, there is 
no reason to expect that companies will not de
velop the abilities to compete effectively. The 
most important of these is greater conswner 
orientation. 

Lack of Customer Orientation 

Somewhere in its history, the natural gas 
industry lost touch with many of its customers. 
Perhaps the problem was caused by the re
stricted ability to develop an array of effective 
services in a regulated environment. Perhaps 
market growth in the past was driven more by 
macroeconomic forces than by competition, al
lowing companies to ignore some customer 
needs with impunity. For whatever reason, the 
greatest challenge for the natural gas industry 
is to get reacquainted with its customers. 

"Why isn't the marketing of natural 
gas more effective?" 

In the past , natural gas marketing con
sisted of passing a commodity down a chain in 
the general direction of the end user. Produc
ers sold to pipelines, pipelines to distributors, 
and distributors to end users. All these com
mercial relationships had extensive regulatory 
limitations. Natural gas "marketers" were or
der takers. 

Today; the marketing possibilities of natu
ral gas and a whole array of related services 
are virtually unlimited. Many natural gas com
panies playing integrated energy service 
roles are bundling services along the line 
from producer to end user. As these roles de
velop, the ability to create, advertise, and de
liver innovative services must improve signifi
cantly. Companies that can add value are 
already developing that marketing capability; 
which is critical to a successful natural gas in
dustry future. 

"Can the natural gas industry de
velop services that meet my needs?" 

With the unbundling of transmission (and 
distribution) services, a variety of energy ser
vice companies are beginning to re-bundle 
services designed to meet specific customer 
needs. Full development of possible services 
requires that all segments of the industry ex
plore new and more effective ways of using tal
ents, facilities, and experience. This change of 

orientation in all segments of the industry will 
not be easy; but could be profitable for those 
who become most effective. That profitability 
constitutes the incentive. 

"Will the natural gas industry 
support the development of 
teclmology?" 

The clear pattern of the past is that the un
regulated sectors of the natural gas industry 
(i.e. , producers) have made extensive use of 
technology development to improve their prof
itability. An equally clear pattern is that regu
lated companies that did not have a chance to 
profit from technology investment (e . g. , 
pipelines and distributors) have not invested. 
Developing some way to bridge this historical 
gap is a major challenge to the emerging in
dustry. 

Government Challenges 

While government policy and regulation 
cannot change the way the industry operates, it 
can constrain the ability of industry to react to 
customer needs. Government and regulatory 
policy makers should minimize intrusion into 
markets where competition can exist , and 
weigh the additional costs in all markets. 

Given that there is a continuing role for 
governmental action in the natural gas market, 
there are challenges for that role in the emerg
ing industry. In general, natural gas industry 
challenges for government fall into three cate
gories: 

• Effective Economic Policies and Regula
tion 

• Appropriate Environmental Policies and 
Regulation 

• Patience with Industry Transition. 

Each of these areas deserves some definition 
and consideration. 

Effective Economic Policies and 
Regulation 

During a period of industry transition, par
ticularly transition aided and encouraged by 
regulatory policy; the most important function 
of regulators is to be clear about the goals of 
regulatory change. Uncertainty that arises 
from regulatory change can limit the efficient 
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and effective development of markets. That un
certainty is a natural by-product of needed 
change, but can be exacerbated by a lack of 
clarity. 

One dimension of this challenge is finding 
a consistent view of clearly expressed public 
interest goals. Another is to develop greater 
consistency between state and federal regula
tion. Still another is the development of proce
dural approaches that encourage communica
tion and responsible behavior by industry 
participants. 

Appropriate Environmental Policies 
and Regulation 

Natural gas can play an increasingly effec
tive role in the achievement of national environ
mental policy goals. However, clean-air bene
fits of natural gas are not explicitly considered 
in environmental regulation of production or 
consumption in some areas. The challenge to 
government policy is to appreciate the net en
vironmental benefits of natural gas and express 
responsible trade-offs in policy. 

Patience with Industry Transition 

Finally; as the natural gas industry devel
ops the ability to operate more effectively and 
with greater consumer orientation, regulators 
and policy makers will have to exhibit the pa
tience to allow that change to happen. The 
emerging industry will not look like the histori
cal industry, and lessons learned from the past 
will become increasingly dangerous to apply in 
the future. 

The challenges described above are seri
ous, but manageable. The more competitive, 
consumer-oriented companies of the future in
dustry will be naturally more attuned to cus
tomer concerns. Regulators will be less con
cerned because of incre ased consumer 
satisfaction. This study is designed to map out 
some strategies for achieving those goals. 

STUDY .APPROACH AND METHOD
OLOGY 

The Secretary in his letter to the NPC re
quested: 
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In responding to this request , the NPC 
considered it essential not only to examine op
portunities for growth of natural gas use and po
tential constraints to that growth, but also to de
velop options and recommendations for 
overcoming those constraints. The principle 
that was adopted for determining which recom
mendations were appropriate to include in this 
report was based on a policy of neutrality with
out favoring one energy source over another, 
preferring instead to let economic efficiency 
and the marketplace determine the fuel choice. 
This resulted in the following guidelines: 

• Recommendations should be included for 
actions by industry or government that 
would result in removal of barriers to in
creased gas use, when such use is justi
fied on an economic, efficient,  or environ
mentally sound basis 

• It is appropriate that recommendations 
address government policies/regulations 
that favor other energy choices or implic
itly penalize natural gas 

• It is appropriate to identify options that 
could result in increased gas consumption 
under conditions that might require fa
vored treatment of gas, without recom
mending that these actions be adopted. 
As outlined in the introductory paragraphs 

of this chapter, potential constraints to the in
creased use of natural gas were solicited from 
numerous sources and are included in the anal
yses and recommendations contained in this 
and other volumes of the report. The breadth 
of the study requested by the Secretary speci
fied the charge provided to each of the task 
groups. This was supplemented by each task 
group developing, in concert with the Coordi
nating Subcommittee, a specific statement of 
mission and objectives. Additionally; to provide 
analytical consistency across the entire study; 



the NPC specified two scenarios for analyzing 
the identified growth opportunities. 

Early in the study it was determined that 
sufficient numerical models existed within the 
consulting community that could be used for 
the study and that it was not necessary to de
velop new modeling capabilities. In some in
stances, however, certain model modifications 
and extensions were required and the NPC 
contracted for these model changes by the 
consultants. In all cases, the NPC study partici
pants specified the key input assumptions that 
drove the models. 

The time scale decided on for the study 
extends through 20 10 .  This time horizon was 
considered minimal in order to account for in
vestment decisions over the next 1 0  to 20 
years, which depend on projections of long
term supply and demand. In addition, the sup
ply of natural gas was examined for its ability to 
satisfy domestic gas demands out to 2030 at 
various assumed price levels. 

Scope of Task Group .Activities 

Chapters Three through Twelve of this vol
ume contain a summary of the results and rec
ommendations arrived at by the Coordinating 
Subcommittee and task groups. This section 
overviews the approach taken by the four task 
groups and how the activities were interrelated. 

• Source and Supply 7ask Group: The ma
jor focus of this group was analyzing the 
natural gas resources potentially available 
for domestic consumption in the United 
States, estimating the cost of accessing 
this gas, and determining potential barri
ers to its availability. They gave consider
ation to import/export trade with Canada 
and Mexico and to imports of LNG. They 
studied the resource base in the United 
States and Canada in detail and made es
timates of the recoverable volumes of gas 
from both conventional and nonconven
tional reservoirs, including an estimate of 
the undiscovered resource potential. A 
consultant collected proprietary cost data 
covering recent activities in tight sands ar
eas as a supplement to more readily avail
able information in the other producing 
areas. A significant determinant of future 
costs in all areas will be the rate of ad
vancement of technology, e.g. , drilling efti-

ciencies, exploration success rates, and 
recovery efficiencies. The task group 
conducted an analysis of technology im
provements in the industry over the past 
20 years. This formed the basis for esti
mating future advances. They examined 
the various environmental initiatives likely 
to affect the producing industry in the fu
ture with an assessment of costs and im
plications on supply availability. The inte
gration of  all of  these factors was 
accomplished through use of the Hydro
carbon Supply Model described later in 
this chapter. 

• Demand and Distribution Tcisk Group: 
This group examined the opportunities for 
increasing the potential gas market for all 
sectors that consume natural gas, i.e. , resi
dential, commercial, industrial, transporta
tion, and electric generation. They also 
considered the impact of new technolo
gies available to the industry. These op
portunities vary across the country; and 
the task group undertook 1 0  regional 
studies to document those differences. 
The substantial obstacles faced by the nat
ural gas industry in capturing these poten
tial markets were identified and recom
mendations were developed to help 
overcome these barriers. Particular atten
tion was focused on the delivered price of 
gas in comparison to alternatives avail
able to the customer, reliability of service, 
understanding and addressing customer 
needs, activities directed at reducing 
overall energy demand levels, and the 
current and evolving regulatory and envi
ronmental requirements. 

• Transmission and Storage 7ask Group: 
The transmission and storage system pro
vides the critical link between the shifting 
customer needs and the slowly changing 
location of potential supplies. This group 
made a comprehensive assessment of the 
current system and its ability to supply 
both annual and peak requirements. The 
need for new facilities to satisfy future re
quirements was addressed as well as the 
cost of those facilities. The group exam
ined the impact of factors such as the reg
ulatory process, rate-making procedures, 
reliability; quality and standardization of 
service, customer orientation, technology; 
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and enviromnental compliance. Specific 
actions were identified for improving the 
ability of the industry to provide more 
economic, efficient , and reliable natural 
gas service responsive to the customer 
needs. 

• Regulatory and Policy Issues 7ask Group: 
The major effort of this group was devoted 
to developing a vision for regulation in the 
industry and discussing, with recommen
dations, how that vision should be imple
mented at the federal and state level. Im
plementation requires act�on by both 
industry and govermnent and those activi
ties were addressed. Interactions with 
other task groups provided consistency in 
considerations of enviromnental regula
tion, tax policy, and government funding of 
research and development within the in
dustry. The scope of this group's activities 
was not confined to regulatory and policy 
issues only. It was also responsible for co
ordinating and interpreting the focus 
group interviews with representative in
dustry and customer groups, which were 
discussed earlier in this chapter. Results 
of those interviews were distributed to all 
of the task groups for their consideration. 

Modeling .Approach Used in the 
Study 

Many of the potential obstacles to the in
creased use of natural gas are difficult to quan
tify and must be described in qualitative terms, 
including the potential benefit or impact if the 
obstacle could be removed. Where possible, 
however, the NPC considered it beneficial to 
quantify the effects of those variables that could 
be characterized analytically. A specific 
methodology was adopted in order to provide 
consistency in the evaluations. This involved 
the selection of descriptive scenarios of future 
events as well as numerical models to quantify 
potential outcomes. 

Recognizing the inherent uncertainty in
volved in projecting future events and their im
pacts, the NPC elected to conduct the evalua
tions under two different scenarios. These 
scenarios were selected to be sufficiently dif
ferent from one another so as to provide alter
native but realistic views of the future. Neither 
one is characterized as a "most likely" projec
tion of the future nor as extreme or bounding 
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cases. The two scenarios are described in 
Chapter 'I\vo. 

The ability to satisfy future energy require
ments with natural gas will be dependent on 
many different factors, including the (changing) 
energy needs of the market, the cost of produc
ing and delivering the gas to the ultimate con
sumer, the price and availability of alternative 
energy sources, the cost of complying with reg
ulatory and environmental requirements, and 
the restrictions that might be imposed by those 
requirements, etc. Perceptions and uncertain
ties in all of these areas also affect decisions 
about use of natural gas; these, of course, are 
difficult to model and their effects can only be 
estimated. Several different types of models 
were used to quantify projections under the two 
alternative scenarios. These included "macro" 
projections of world oil demand and price and 
of domestic energy and economic growth,  
along with a set of models that balanced natural 
gas supply; demand, and transportation within 
the more macro framework. A schematic of 
this approach is depicted in Figure 1 - 1 . Al
though there are certain interdependencies 
among the various models, they generally are 
not linked interactively; the exception to this be
ing the gas supply/demand models depicted in 
the lower portion of the figure. 

In reviewing the characteristics of natural 
gas supply and demand models available from 
various sources, it was concluded that most of 
the models had similar descriptions of the de
mand sectors and that the major differences 
were in the detailed description of the natural 
gas resource base and the transmission sys
tem. On that basis, the NPC decided to con
tract with Energy and Environmental Analysis, 
Inc. (EEA) to conduct the supply/demand anal
ysis. The models available from EEA and their 
capabilities are described in Volume VI, Chap
ter One, and will only be discussed briefly 
here. Additionally; Volumes n through N con
tain specific descriptions of the relevant mod
els and how they were used in the analyses. 
Figure 1 -2 depicts EEA's Energy Overview 
Model, which simulates the natural gas sup
ply/demand balance through use of three sets 
of model components-the Hydrocarbon Sup
ply Model, the Pipeline Model, and the End
Use Sector Models. 

The Hydrocarbon Supply Model was 
originally developed under contract from the 
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Figure 1 - 1 .  Schematic of Overall Modeling Approach. 

Gas Research Institute and describes not only 
the potentially recoverable resource base but 
also the impact of technological advancements 
and exploratory and development drilling ac
tivity. This activity is dependent on producer 
investment decisions, which are in turn influ
enced by price expectations, desired rates of 
return ,  reinvestment ratio limitations, etc. The 
resource base contained within the model cov
ers both the United States and Canada and is 
divided into multiple regions ( Figures 1 -3 and 
1 -4) ,  each with their own geological and oper
ating characteristics. Each of the regions is 
further subdivided by depth and type of gas 
resource, e.g. , conventional ,  tight ,  coal seam, 
and shale. Uncertainties in resource base, be
havioral , and technology assumptions can be 
easily evaluated. 

The EEA Pipeline Model simulates flow 
from producing regions of the United States 
and Canada to the various consuming regions 
( the 1 0 federal regions for the United States 
plus Alaska , and 7 regions in Canada) ( Figures 
1 -5 and 1 -6) .  It uses composite pipeline 

groups along major corridors linked to com
posite distribution companies in each of the 
consuming regions. 'Transmission and distribu
tion costs are included in the model as well as 
discounting flexibility in the competitive mar
kets. Core and non-core markets are treated 
independently and the model calculates both 
firm and interruptible transpor t rates. The 
model can handle a variety of different contract 
terms and various regulatory environments ; 
however, FERC Orders 636 and 636A are not 
fully modeled as the conditions were still being 
debated at the time of this study. 

The End-Use Sector Models cover the 
major markets that consume natural gas (Fig
ure 1 -7) , with the exception of the transporta
tion sector , which must be analyzed exoge
nously. B oth econometr ic  and process 
engineering approaches are used in the de
mand models. The Residential and Commer
cial Sector Models are largely an econometric 
forecasting structure that was derived from and 
calibrated against more complex process engi
neering models of energy use and technology 
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Contracted 
Gas SUpplies • Reserve Stocks • Deliverabllity • Contractlerms 

• Production 
• End-Use Consumption 
• Reserve Additions/ Drilling Activity 
• Prices 

Figure 1-2. Energy Overview Model from EEA. 
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North American EOM Regions 
1 .  New England 5. Midwest 
2. New York/New Jersey 6. Southwest Central 
3. Middle Atlantic 7. Central 
4. South Atlantic 8. North Central 

9. South Pacific 
1 0. Northwest 
1 1 .  Atlantic 
1 2. Quebec 

13. Ontario 
1 4. Manatoba 
1 5. Saskatchewan 
16. Alberta 

17. British 
Columbia 
and 
Territories 

Figure 1-6. Major Pipelines and Demand Regions for Canada and Alaska
EEA Model. 
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Figure 1-7. End-Use Sector Demand Models-
EEA Model. 

trends. The Industrial Sector Model combines 
econometric relationships between industrial 
energy input and economic output with a de
tailed process engineering model of the capital 
stock, fuel-firing capability; and fuel choices of 
industrial equipment. This model considers a 

variety of industry groups and functional end 
uses, accounts for emission regulations in the 
differing air quality regions, and simulates de
cision logic based on life cycle cost minimiza
tion. The Electric Utility Model covers different 
power plant types and load characteristics, 

49 



competes gas versus residual fuel type as de
termined by environmental regulations for ex
isting units, and makes capacity expansion de
cisions from a slate of options that can be 
specified by the user. In all these markets, 
natural gas is competed endogenously against 
alternative fuels such as oil or coal. End-use 
prices for distillate and residual fuel oils are 
determined regionally, based on the input 
crude oil price forecast .  Prices for residual 
fuel oil are distinguished for four classes of fuel 
quality; based on sulfur content. Similarly, coal 
of high and low sulfur content is priced region
ally. Environmental compliance costs for oil or 
coal fuels, such as scrubbers, are explicitly ac
counted for in fuel choice decision making. 

The pricing logic used in the EEA model 
is the result of both gas-on-gas and interfuel 
competitive pricing forces. The model deter
mines the gas price that equilibrates natural 
gas supply and demand over time by solving 
for the clearing prices nationally, regionally; in 
the interruptible transport market . and in the 
firm/core markets. Although it is an annual 
model, seasonal price and volume variations 
are accounted for in the calculation of the an
nual averages.  The key factor influencing 
prices is the degree of deliverability surplus 
and its impact on gas-on-gas competition, par
ticularly when capacity utilization is low. When 
capacity utilization is high, fuel switching be
tween gas and alternative fuels becomes a pri
mary determinant of gas prices. 

The suite of models from EEA require in
put assumptions for variables such as crude oil 
price and regional economic and energy 
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growth rates. Rather than make arbitrary deci
sions regarding these variables, the NPC chose 
to· contract with DRI/McGraw-Hill (DRI) to de
rive these parameters to be consistent with the 
two scenarios mentioned earlier in this chapter. 
DRI has a World Oil Model that is used to fore
cast the world oil supply/demand balance and 
prices. These results feed into their U.S. Macro, 
Regional, Energy; and Transportation Models, 
which work together to project the Values used 
as inputs to the EEA models. The DRI models 
depend on input assumptions or "drivers" that 
were specified by the NPC as part of the sce
nario definitions. A description of the DRI mod
els is included in Volume VI, Chapter 'TWo. 

Developing Recommendations for 
Increased Gas Use 

Over the course of the study; constraints to 
the increased use of natural gas were identified 
from numerous sources. The Coordinating 
Subcommittee and task groups considered 
these constraints and potential recommenda
tions for eliminating or reducing the effects of 
the constraints. The resulting ·recommenda
tions are detailed in Volumes II through V and 
are summarized in Chapters Three through Six 
of this volume. Additionally, certain of the rec
ommendations were collected into common 
categories designated as " Cross-Cutting Is
sues: ·  These groupings included options and 
recommendations in the areas of: Environment, 
Thchnology; Reliability; Contract Diversity; Mar
keting, and Le adership. Chapters Seven 
through 'TWelve of this volume include a com
plete review of each of these issues. 



SCENARIOS 

As discussed in Chapter One, this NPC 
study used two scenarios for analyzing poten
tial future energy needs and the natural gas 
supply/demand balance for the United States. 
The NPC did not attempt to develop a fore
cast of the future and the projections that are 
presented in this report should not be inter
preted as such. The purpose of the modeling 
effort was to provide a consistent framework for 
analyzing the supply potential, market opportu
nities, and transportation requirements under 
varying energy demand options, and to assess 
the sensitivity of the results to the uncertainties 
in the assumptions. The energy demand op
tions were derived to be consistent with other 
assumptions concerning economic growth 
rates, consumption patterns, efficiency trends, 
availability of alternative fuels, etc . The two 
scenarios were selected to be sufficiently dif
ferent so as to provide independent alternative 
views of future energy requirements. Both sce
narios are believed to be realistic and nei
ther one is considered to be a "most likely" 
projection of future requirements. 

The first scenario assumes that the U.S. 
economy grows at an annual average rate of 2 .4 
percent between 1 990 and 20 1 0 . Continued 
economic growth in world economies results in 
a growing world oil demand that requires sig
nificant future investments in exploration and 
production, resulting in real oil price increases 
over the 20-year period covered by the mod
els. Energy conservation and the continuing in
troduction of more efficient technologies result 

in the projection of U.S. energy requirements 
somewhat below the level of many of the past 
forecasts, but overall energy growth is still sig
nificant. 

In the second scenario , U.S .  economic 
growth is assumed to average 2 .0 percent an
nually over the 20-year period from 1 990 to 
20 1 0. Additionally; it was assumed that aggres
sive conservation and efficiency initiatives 
would lower U.S. energy growth rates signifi
cantly below recent trends. A similar slowing of 
economic and energy growth rates in other in
dustrialized countries reduces the growth rate 
for oil also and results in less capital invest
ments being required to satisfy demand. Al
though the resultant lower energy prices pro
vide a stimulus to economic growth and energy 
demand, it is not sufficient to offset the other 
decreases. 

While no single term can adequately cap
ture the diverse nature of these two scenarios, 
for convenience the first will be referred to as 
the "moderate energy growth scenario: ·  Simi
larly, the second has been termed the "low en
ergy growth scenario:· 

These two scenarios were modeled by 
DRI using the approach described previously 
and including the assumptions specified by 
the NPC (see Volume VI, Chapter Three) . The 
results of these calculations are displayed in 
Figures 2- 1 and 2-2 . World oil prices for the 
moderate energy growth scenario increase 
continually over the period, with the U.S. refm
ers acquisition cost for crude oil (RACC) 
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re aching approximately $ 2 8  per b arrel 
( 1 990$) by the year 20 1 0. In the low energy 
growth scenario there is a near-term decline in 
real oil prices before gradually returning to the 
level of $20 per barrel ( 1 990$) . Total U.S. en
ergy demand increases from the 1 990 level of 
80 quadrillion BTU (QBTU), growing by slightly 
more than 1 percent annually in the moderate 
growth scenario to 1 00 QBTU, and by slightly 
less than 0 .5  percent annually to 88 QBTU in 
the low growth scenario. 

Energy intensity (the ratio of energy con
sumed per unit of economic production) de
creases by some 25 percent over the 20-year 
period in both scenarios. The growth rates for 
U.S. electrical energy consumption (modified 
slightly from DRI's results to be consistent with 
other NPC assumptions) are 1 .6 percent and 
1 .3 percent annually for the moderate and low 
growth scenarios, respectively. These energy 
intensity and electrical energy demand trends 
are displayed in Figure 2-3. Volume VI, Chap
ter Four, contains the detailed output from DRI 
for each of these scenarios. 

REFERENCE CASES 

The NPC used the EEA Energy Overview 
Model to determine the sensitivity of the model
ing results to various assumptions and as a 
guide to the selection of appropriate parameter 
values. The model was run both in its inte
grated form and using individual portions of the 
model on a stand-alone basis. The key model 
results are included in Volumes II through rv: 
This section will summarize the results of the 
two Cases, which have been termed the Refer
ence Cases and which are consistent with the 
scenarios described previously. Chapter Three 
of Volume VI documents the NPC assumptions 
that drove the EEA modeling results; the outputs 
from the two model runs are included in Chap
ter Five of Volume VI. A brief summary of the 
assumptions and results for both Reference 
Cases is presented here. 

Natural Gas Supply Projections 

The Source and Supply Task Group 
worked with EEA's Hydrocarbon Supply Model 
in analyzing the natural gas resource base for 
the United States and Canada. Independent 
studies were made by the group (e.g. , reserve 
appreciation of currently proved resources, im-
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port and export opportunities,  and impact of 
various environmental initiatives) and by third 
parties contracted by the NPC (e.g. ,  ICF Re
sources Incorporated for work on tight sands 
gas, technology; and environmental impacts; 
and Decision Focus Incorporated for North 
American gas movements as an aid in de
termining potential import levels) . Key results 
from these analyses are summarized in Chap
ter Three and described in more detail in Vol
ume II of this report. 

The NPC resource estimate used in the 
Reference Cases is 1 , 295  trillion cubic feet 
(TCF) for the lower-48 states, representing cur
rent proved reserves plus the recoverable re
source using technology projected to be appli
cable over the time period to 20 1 0 . The 
distribution of this volume among the various 

TABLE 2-1 

NATURAL GAS RESOURCE BASE 
FOR THE LOWER-48 STATES 

(Trillion Cubic Feet) 

Proved Reserves 160 

Conventional Resources 

Reserve Appreciation 203 
New Fields 41 3  

Subtotal 61 6 

Nonconventlonal Resources 

Coalbed Methane 98 
Shales 57 
Tight Sands 349 
Other 1 5 

Subtotal 51 9 

Total Resources 1 ,295* 

*Technically recoverable resource base as of 
January 1 ,  1 991 ,  assuming that current access 
moratoria expire as scheduled and Incorporating 
technology advancement through 201 0. Assuming 
various price levels with current and advanced 
technology, yields the following total resource 
estimates: 

Price 
(1990$.) 

Unspecified 

$3.50/MMBTU 
$2.50/MMBTU 

Recoverable Resource Base 

1 990 
Technology 

1 ,065 
600 
400 

.crw 
201 0 

Technology 
1 ,295 

825 
600 
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types of resources is shown in Table 2- 1 .  No 
significant tax distortions or free trade restric
tions are assumed that might bias natural gas 
supply type or source, e .g. , new Section 29 tax 
credits are not extended beyond 1 992 . It is 
also assumed that existing offshore moratoria 
expire at the end of their current terms and 
that no further exploration or development ac
cess restrictions are enacted. Technology ad
vances continue in line with the results of the 
detailed studies conducted by the NPC and 
ICF Resources, with the possibility of drilling 
improvements proceeding at a somewhat 
higher pace than determined historically. Sen
sitivity analyses of most of these assumptions 
are documented in Volume II. The supply as
sumptions do not change between Reference 
Cases 1 and 2 ;  however, the resultant develop
ment of the resource base differs due to the 
slower pace of energy demand in Reference 
Case 2 .  

Projections of U.S. Energy Demand 

Projections of total U.S. energy demand in 
20 1 0 for Reference Cases 1 and 2 are listed by · 
sector in Table 2-2 . Lower residential energy 

demand in Case 2 results primarily from the 
lower housing stock growth rate ,  with some 
slight additional reduction due to accelerated 
equipment efficiencies in Case 2 over Case 1 .  
Commercial energy demand for Case 2 lags 
behind that of Case 1 due to a lower growth 
rate for commercial floor space. The largest 
difference between the Cases is in the indus
trial sector. This results from assuming that not 
only is the production growth rate slower in 
Case 2 but also that the energy efficiency gains 
will be much greater. 

The purchased electricity growth rates 
that result from these different assumptions av
erage 1 .6 percent and 1 .3 percent annually for 
Cases 1 and 2 ,  respectively. The electricity 
growth rate was projected to be satisfied by a 
combination of new cogeneration units, repow
ering of existing oiVgas units, and construction 
of new coal and gas/oil generating capacity. 
New gas-fired units were assumed to be sup
plied at firm transport gas rates. Decisions on 
which type of capacity to add are discussed 
more thoroughly in Volume III , Demand and 
Distribution. Capacity additions used in the 
models through the year 2000 are consistent 

TABLE 2-2 
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I ndustrial 

Fuel & Power * 

Raw Materials 

Subtotal 
Residential 
Commercial 
Electric Losses t 
Transportation :1:§ 

Total 

TOTAL U.S. ENERGY DEMAND 
(Quadrill ion BTU) 

Reference 
Case 1 

1 990 201 0 

1 6.8 2 1 .3 
6.0 7.2 

22.8 28.5 

9.0 1 0.3 
6.5 8.2 

20.0 25.0 
22. 1 28. 1 

80.4 1 00.1 

* Includes lease and plant gas use. 

Reference 
Case 2  
201 0 

1 6.5 
6.7 

23.2 

9.6 
7.7 

22. 8  
24.4 

87.7 

t Energy losses during generation and transmission of electricity. 

* Includes compressed natural gas vehicle demand and gas pipeline fuel. 

§ Transportation sector energy projection prepared for the NPC by DRI. 



with current announced plans as listed in the 
latest North American Electric Reliability Coun
cil publication. Beyond 2000 , the model makes 
a decision on types of new units based primar
ily on the cost of the competing fuels, differing 
capital and operating costs for the new units, 
and applicable environmental restrictions. 

Future price projections for low and high 
sulfur coal on a regional basis were derived by 
a consultant (Hill & .Associates) . In this projec
tion, delivered prices for high sulfur coal de
cline in real terms over the forecast period 
while those for low sulfur coal increase slightly. 

Delivered prices for natural gas are deter
mined within the model each year; however, 
price expectations used in the decision logic 
for new electric generating units assume that 
future gas prices equilibrate with the applica
ble distillate or residual fuel oil price on an en
ergy equivalent basis. (Implicitly; this reasons 
that a fuel buyer has m0re confidence in pro
jections of crude oil price trends and assumes 
that natural gas prices will likely be capped by 
the competing liquid fuel prices.) It should be 
noted that fuel choices based solely on com
parative economics as calculated by relatively 
simple model logic, even life-cycle economics, 
are not the sole · determining factor in the deci
sion-making process. Volume III discusses the 
various considerations that enter into the fuel 
choice decision, and concludes that projections 
made on the basis of the model calcuiations 
are most likely optimistic, although they repre
sent a good target for the natural gas industry 
to pursue. 

Modeling the U.S. Natural Gas 
Supply/Demand Balance - Case I 

The characteristics of the Energy and En
vironmental Analysis, Inc. (EEA) Pipeline Model 
were described in Chapter One. The Trans
mission and Storage Task Group examined the 
regional flows required for the various supply 
and demand levels and derived algorithms for 
the cost and timing of adding new pipeline and 
storage capacity. The task group used a con
sultant Qensen and .Associates) to review cur
rent levels of deliverability and also performed 
independent analyses of peak seasonal and 
daily demand levels . These results are de
scribed in Volume IV and were utilized in the 
two Reference Cases. 

The EEA model calculations with the NPC 
assumptions for Reference Case 1 project a 
natural gas domestic consumption that in
creases to some 25 QBTU by 20 10 .  This is sat
isfied by a relatively flat domestic production 
level in the near term, with demand increases 
primarily accommodated by imports from 
Canada. Domestic production increases again 
in the latter part of this decade and by 20 1 0 
reaches a level of about 2 1  QBTU, with imports 
from Canada only rising slowly after about 
2000. Exports to Mexico reach approximately 
0.4 QBTU in the late 1 990s, subsequently de
clining during the second decade to reach an 
import level of 0. 1 QBTU. Liquefied natural gas 
(LNG) imports remain below 0 .5  QBTU over 
the entire period. Calculated demand and 
price levels appear to be inadequate for devel
oping the Alaskan North Slope gas resources 
or the northern frontier gas in Canada for do
mestic consumption prior to 20 1 0. These pro
jections are depicted in Figure 2-4. 

The lower portion of the figure shows the 
natural gas price trajectory calculated by the 
model , which is a prime determinant , of 
course, of the results just described. Average 
wellhead prices are calculated to increase to 
the level of about $2 . 7  5 per million BTU 
(MMBTU) ( 1 990$) by the year 2000 , as supply 
tightens due to reduced drilling activity in the 
near term and resultant reserve additions lag 
production levels. This situation reverses itself 
in the early part of the next decade and the 
model projects several years of declining price 
levels as additional reserves are developed; 
prices do not decrease to current levels in spite 
of the added drilling activity since the gas re
serves being developed at that time are gener
ally more expensive to bring on line, e.g. ;  deep 
tight gas. 

It is realistic to expect that additional 
forces will cause gas prices to fluctuate in the 
future, as they have in the past, although the de
tails of that fluctuation are beyond the ability of 
any model to project. Price and supply volatil
ity can be anticipated as the industry pro
gresses through the current transitional period 
and adjusts to changing regulations and com
petitive forces. 

Figure 2-5 displays the mix of energy 
sources projected to be used for combustion 
purposes in 2000 and 20 1 0 as contrasted with 
1 990. All fuels grow somewhat during the first 
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decade , with natural gas increasing more 
rapidly than the others. All market sectors con
tribute to the increase in natural gas consump
tion with the utility market generating the great
est demand increase. In the second decade, 
however, the trend reverses and coal consump
tion increases more rapidly than natural gas , 
with the other fuels actually experiencing a 
slight decline in both absolute and relative 
terms. As demonstrated in sensitivity cases 
described in the next section of this chapter, 
accelerated technology effects and efficiencies 
that act to reduce the delivered price of gas 
have a significant impact on the proportion of 
the energy market that can be potentially cap
tured by natural gas. The

. 
importance of con

tinuing efforts to reduce the cost of the deliv
ered gas cannot be overemphasized. 

The relative relationships between the 
c·ompeting energy prices are shown in Figure 
2-6, which contrasts delivered fuel prices to a 
large end user such as a utility; and Figure 2-7 
for the residential/commercial sector. Distillate 
and residual fuel oil prices are calculated from 
the input crude oil price track. Four different 
residual fuel oil slates are used in the model, al
though for clarity the electric utility comparison 
shows only the 0.3 percent and 1 .3 percent sul-

fur residual fuel oils. The coal prices are na
tional averages computed from the regional 
prices and calculated consumption levels. The 
gas prices to the utility are derived by the 
model following the logic described earlier. 
As mentioned earlier, delivered fuel prices are 
only one factor in determining a utility's deci
sion on the type of plant to construct ; other 
variables that influence the decision are pre
sented in Volume III. 

For the residential/commercial sector, av
erage natural gas prices, calculated by the 
model, increase due to the increased wellhead 
price of gas from reserves that are more costly 
to develop, partially offset by the economies of 
scale in the transmission and distribution sys
tems from higher volumetric throughputs; the 
net increase in delivered gas price ( 1 990$) is 
slightly more than l percent annually over the 
20-year period .  While natural gas con- . 
sumption increases somewhat in this sector, 
larger relative gains in use of electric energy 
results in natural gas losing market share in the 
combined residential/commercial sector. De
livered gas prices to the industrial sector are 
intermediate between the electric utility and 
residential/commercial sectors, dependent on 
consumption levels, and are not displayed here. 
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Model outputs for all sectors are included in 
Volume VI, Chapter Five. 

Modeling the U.S. Natural Gas 
Supply/Demand Balance - Case 2 

Figures 2-8 to 2- 1 1 are similar depictions 
for Reference Case 2 ,  which has lower overall 
energy demand levels and relatively flat crude 
oil prices. For this Case, domestic natural gas 
consumption levels are calculated to remain at 
essentially 20 QBTU annually for the decade of 
the 1 990s before gradually rising to 2 1  QBTU 
by 20 10 .  Lower-48 production fluctuates be
tween 1 6  and 1 8  QBTU over the period and 
pipeline imports remain below 3 QBTU, all from 
Canada; LNG imports do not exceed 0.5 QBTU 
annually during the forecast period. Com
puted average wellhead gas prices rise to 
about $2 .50 per MMBTU ( 1 990$) by the year 
2000 and only increase another $0 .25  per 
MMBTU over the following ten years. The influ
ence of crude oil prices is evident in this case 
as the wellhead average equilibrates to about 
80 percent of the RACC price on a BTU equiva
lent basis and competition from residual fuel oil 
moderates the gas price and consumption in
creases. 

The primary energy consumption share 
pattern differs somewhat from Case 1 ,  as natu
ral gas consumption in Case 2 never exceeds 
coal consumption on either an absolute or a 
relative basis. This is the consequence of de
clining energy demands in the industrial sec
tor, which result in less gas consumption , 
nearly offsetting the gains in the other market 
sectors, particularly over the next decade. The 
low residual fuel oil prices cause switching 
away from natural gas in spite of the discount
ing evident in the interruptible transport gas 
market. Residual fuel oil consumption in Case 
2 exceeds that of Case 1 in 2000 and nearly 
equals it in 20 1 0  even though overall demand 
levels are substantially less in Case 2 ,  espe
cially in the industrial market sector. 

Comparison of Natural Gas 
Demand Between Case 1 and Case 2 

Table 2-3 compares the calculated natural 
gas demand by sector in 20 1 0  between the two 
Reference Cases. The apparent growth in the 
residential sector over the 1 990 consumption is 
misleading due to the influence of weather on 

the 1 990 level (4 .5 QBTU) ; the residential con
sumption in 1 989 was 4.9 QBTU. As discussed 
in Volume III , this sector has only small growth 
potential due to increased efficiencies offset
ting the additional residential hookups. The 
commercial sector has growth potential in both 
Cases, although the growth is not projected to 
exceed one quadrillion BTU of additional con
sumption over the next 20 years. 

Growth of natural gas consumption in the 
industrial sector is highly dependent on as
sumptions regarding industrial growth rates, in
dustrial mix changes, and the effect of effi.cien
cies that might be introduced into this sector. 
Consumption of natural gas by this sector is 
calculated to grow by nearly two QBTU for 
Case 1 ,  but it actually declines by nearly one 
QBTU in Case 2 .  Electric utility demand, as ref
erenced in nearly all projections of future en
ergy needs, is projected as the major growth 
market for natural gas. As mentioned earlier, 
however, capturing the additional market po
tential of the 2 to 2 .5 QBTU projected in the Ref
erence Cases will be a significant challenge for 
the natural gas industry. 

Natural Gas as a Vehicular Fuel 

The potential market for natural gas as a 
vehicular fuel is not calculated by the EEA 
models; however, it was estimated by the NPC 
participants and included in the total commer
cial sector consumption numbers quoted 
above. For these Reference Cases, the annual 
consumption in natural gas vehicles (NGVs) by 
20 1 0  was projected to be some 1 40 billion cu
bic feet (BCF). This market level is based on 
an estimate of the number of clean-fuel vehi
cles required by mandated programs, with rea
sonably achievable penetration rates assumed 
for compressed natural gas versus other clean 
fuels in each of the vehicle groups. The con
sumption level could be significantly higher if 
compressed natural gas can achieve a higher 
penetration of the market or if clean-fuel vehi
cles exceed the current mandates. This is dis
cussed in Volume III and included in one of the 
Option Cases presented in the next section. 

Reference Case Projections versus 
History 

Figure 2- 1 2  offers another view of the two 
NPC Reference Case projections compared to 
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TABLE 2-3 

LOWER-48 NATURAL GAS CONSUMPTION 
(Quadri l l ion BTU per Year) 

Reference Reference 
Case 1 Case 2 

End-Use Sectors 1 990 201 0 201 0 

Residential 4.5 4.9 4.7 
Commercial 2.7 3.5 3. 1 
I ndustrial 7.0 8.9 6. 1 
Electric Util ity 2.9 5.4 4.9 

Total End Use 1 7.1 22.7 1 8.8 

+ Lease/Plant Fuel 1 . 1 1 .3 1 . 1 
+ Transmission Fuel 0.6 0.9 0.7 
+ Exports/Misc. 0.2 0.2 0.7 

Total Consumption 1 9.0 25.0 21 .3 

Note: Totals may not agree due to rounding. 

63 



1 0  
::::> 
In 
z 
0 
_J 
_J 
� 
a: 
w 
a.. 
en 
a: 

::5 
_J 
0 
Cl 
0 
0> 
0> 
� 

8 

6 

4 

2 

0 

LEGEND 0 NATURAL GAS � LIQUID FUELS IBJ COAL 
-Firm -Distillate ·Low Sulfur 
-Interruptible -Low Sulfur Fuel Oil (0.3%) -High Sulfur 

-High Sulfur Fuel Oil (1 .3%) 

NOTE: Reference Case 2 - Energy Demand Grows at 0.5% p.a. 
Crude Oil Price $20 per barrel in 2010 (1990$). 

FIRM 

FIRM 

INT 
INT 

1 0% 4% 55% 1 0% 5% 53% 

1 990 2000 

FIRM 

INT 

1 4% 3% 54% 

201 0 

Figure 2- 10. Electric Utility Market Average Burnertip Price and Market Share for 
Natural Gas, Liquid Fuels, and Coal-Reference Case 2.  

(Nuclear, Hydro, and Renewables make up the balance of shares) 

the past 40 years of history Natural gas con
sumption is plotted versus price (in constant 
1 990$) in five-year increments. The 20-year 
period from 1 950 to 1 970 was characterized by 
surplus producing capacity and explosive de
mand growth as the interstate system ex-

panded to bring the surplus gas to the growing 
markets. It included interstate wellhead price 
controls and a tightly regulated transmission 
and distribution system. The period from 1 970 
to 1 990 was turbulent with concerns about a 
perceived scarcity of gas, imposition of com-
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plex wellhead price controls, and ultimately a 
collapse of the high prices as the market re
acted to low oil prices, high gas prices, and a 
growing awareness of an abundance of natural 
gas available to the domestic markets. 

The 1 990-20 1 0 time frame is assumed to 
be one of a gradual transition to market forces 
dominating consumer choices and supply 
coming more in balance with demand. Well
head prices are projected to increase over that 
time frame due to the need to produce from · 
higher cost resources under more stringent en
vironmental conditions, with technology ad
vances only partially able to offset the real cost 
increases. 

Figure 2- 1 3  illustrates the period from 
1 990 to 20 1 0 and compares the results of the 
two NPC Reference C ase calculations with 
other projections from the literature. Essentially 
all of these forecasts project wellhead prices 
for natural gas by 20 1 0 that are higher than the 
NPC calculations, even though the consump
tion levels are generally lower. The preliminary 
Gas Research Institute Baseline for 1 993 , which 
was generated contemporaneously with this 
NPC study, is in close agreement with NPC Ref
erence Case 1 and has many similar character-

istics. The Gas Research Institute also consid
ered an alternative case of reduced energy de
mand and lower oil prices and the results for 
natural gas price and consumption in 20 1 0 es
sentially overlay NPC Reference Case 2 .  

The purpose o f  describing these and 
other model results is not to attempt to project 
that these are likely outcomes for the future. 
Rather, they are a convenient and consistent 
way to evaluate alternatives and quantify mar
ket potentials under a variety of  assumed 
conditions , including the sensitivity ofthe pro
jections to uncertainties in the assumptions. 
This is elaborated on in the following section, 
which presents the results of three sensitivity 
calculations and two Option Cases. Volumes 
II through IV contain additional information on 
the different sensitivities, but these three were 
selected because of their relevance.  They in
clude the effect of  uncert ainties in the key 
supply assumptions and the potential to fur
ther increase market demand by lowering de
livered gas costs.  The Option Cases repre
sent conditions where the natural gas industry 
is successful in exceeding the assumptions 
contained in the Reference Cases or where it 
falls short of  those assumptions. These re
sults provide a qualitative representation of 
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Figure 2-13. Natural Gas Wellhead Price vs. Consumption
NPC and Other Foresasts. 

the uncertainties in the estimates of future 
supply and demand and the opportunities for 
exceeding (or falling short) of the calculated 
potentials. 

SENSITIVITY AND OPTION CASES 

A large number of preliminary runs were 
made with the EEA models as an aid to select
ing appropriate operating parameters and to 
gain insight into the sensitivity of various as
sumptions. (This was particularly true for the 
Hydrocarbon Supply Model and these results 
are described in more detail in Volume II , 
Source and Supply.) Three sensitivity runs 
have been selected to be included in this sum
mary. Additionally; calculations were made for 
the net effect of options that would act to in
crease or decrease the supply/demand results 
of the two Reference Cases. Selected outputs 
from the Reference Cases, Sensitivity Cases, 
and Option Cases are included in Volume VI. 
Note that while the Option Cases were exam
ined for their impacts on both of the Refer
ence Cases, Sensitivity Cases were exam
ined only relative to Reference Case 1 .  The 
decision to examine sensitivities against 
only a single Reference Case was solely 
based on study costs and should not be in-
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terpreted as a preference for the particular 
Reference Case as a more likely view of the 
future; Case 1 was selected for testing as it 
was thought to be the one where the sensitiv
ities were likely to have their largest effects. 

Results of Sensitivity Cases 

Supply Uncertainties Related to 
Geology and Technology 

Important assumptions on the supply side 
are related to geological uncertainty and pro
jections on the rate of advance of technology in 
the future. The former is particularly meaning
ful in estimating the undiscovered resource po
tential, while the latter affects exploration ex
penditures, production cost�.  and recovery 
efficiencies. As discussed in detail in Volume 
II, the most likely value for the undiscovered 
conventional resource potential for the lower-48 
states was estimated as 4 1 3  TCF. A range of 
plus and minus 40 TCF on either side of this es
timate was selected for inclusion in these Sen
sitivity Cases. While this is not the maximum 
uncertainty associated with the undiscovered 
conventional resource, it is believed to repre
sent a reasonable range for the uncertainty in 
the estimate of the most likely value for the 



undiscovered conventional potential. Also, the 
rate of technology advance over the past 20 
years, particularly as related to drilling costs, 
was evaluated along with an estimate of its 
likely impact in the future on costs and recov
ery volumes. For these Sensitivity Cases, it 
was assumed that technology impacts could be 
25 percent higher or lower than the values 
used in the Reference Cases. 

Table 2-4 shows the combined effects of 
these geological and technical uncertainties 
on wellhead prices, natural gas supply, and 
lower-48 production in the year 20 1 0 .  (Values 
in the earlier years are proportionately less 
than for 20 10 and are negligibly different from 
the Reference Cases before 1 996.) While the 
impact on wellhead prices is certainly signifi
cant , ranging between $0 .40 and $0 . 7  0 per 
MMBTU, the cumulative effect on production 
and consumption over the 1 5-year period from 
1 996 to 20 1 0  is even more significant . Total 
gas consumption in the Positive Supply Sensi
tivity Case is 4 .5 QBTU greater than Reference 
Case 1 and domestic production is some 7 .  7 
QBTU higher with imports reduced by 2 . 4  
QBTU. (The import reduction is not the differ
ence between consumption and domestic pro
duction since additional gas is used as lease 
and plant fuel, transmission fuel, etc. ,  which is 
not included in the consumption value.) 

The lower price for natural gas stimulates 
a small amount of additional primary energy 
consumption (6 1 . 6 QBTU vs . 6 1 . 0 QBTU in 
20 1 0) with the net increased gas consumption 
being primarily in the industrial and utility sec
tors (2 .3 and 1 . 1  QBTU cumulative over the 1 5  
years, respectively) . The residential and com
mercial sectors show cumulative increased gas 
use of about 0.5 QBTU each. While total gas 
consumption is increased, the net value of 
the wellhead price reduction, assuming no 
change in the transmission and distribution 
costs, is in excess of $ 1 00 billion in total re
duced gas costs to the customers over the 15  
year time period! Additionally; residual fuel oil 
consumption is reduced by some 1 00 million 
barrels over that time period, representing 
over $2 billion less in import costs. The re
duced cost for natural gas imports is even 
greater; not only is the volume reduced by 2 .4 
QBTU, a direct saving of over $6 billion, but the 
technology advances also are assumed to be 
applied in Canada and serve to reduce the 

costs of the gas that is imported,  yielding a net 
reduction in import gas costs of more than $20 
billion. 

These reduced costs are the net effect of 
the more rapid technology advances and the 
additional undiscovered potential gas volumes, 
although technology advances contribute most 
of the cost reduction. This emphasizes the im
portance of investing in technology that will re
sult in additional volumes of natural gas coming 
available at reduced costs. On the flip side, the 
Negative Supply Sensitivity Case is almost a 
mirror image of the Positive Case and approxi
mately the opposite effects are evidenced, with 
slower technology advances and reduced ex
ploration potential significantly increasing natu
ral gas costs to the customer and resulting in 
additional imports of both natural gas and 
residual fuel oil. 

Impact of Delivered Gas Costs 

In the Reference Cases it is assumed that 
higher volumetric throughputs and some effi
ciency incre ases will approximately offset 
transmission fuel and labor costs that are pro
jected to advance at rates in excess of normal 
inflation, thus maintaining overall delivery costs 
approximately constant in real terms. (In Refer
ence Case 1 ,  both transmission and distribu
tion costs per MMBTU, as reflected in local dis
tribution company gas tariff prices, decline in 
real terms by about 0 . 5  percent annually be
tween 1 990 and 20 1 0.) The NPC study partici
pants believe that opportunities exist to reduce 
costs further over the entire natural gas system, 
from production through delivery, including 
transaction costs across each segment of the 
system. An analysis was made of the impact of 
reducing costs on a portion of the system. 

As discussed in more detail in Volume N, a 
sensitivity case was run with transmission costs 
reduced below the Reference Case values. 
This may require some form of incentive rate 
design to stimulate the additional advances. 
The Incentive Rate Sensitivity Case looked at 
the potential impact of reducing transmission 
costs by some 2 percent annually from the costs 
in the Reference Case. While the effects shown 
in Table 2-4 may appear to be relatively small, a 
close comparison of the numerical outputs (see 
Volume VI) reveals some significant impacts of 
these cost reductions. 
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TABLE 2-4 

SELECTED RESULTS FROM 
SENSITIVITY AND OPTION CASES 

(All Results are in the Year 201 0) 

Total Lower-48 Average Lower-48 
Wellhead Price 

(1 990$/MMBTU) 
Consumption Production 

Case Description 

NPC Reference Case 1 

NPC Reference Case 2 

Sensitivity Cases 

Positive Supply (vs. Case 1 )  
Undiscovered Volume +40 TCF 
Technology Advances 25% Faster 

Than Reference Case 

Negative Supply (vs. Case 1 ) 
Undiscovered Volume -40 TCF 
Technology Advances 25% 

Slower Than Reference Case 

Incentive Rate (vs. Case 1 )  
Transmission Costs Decline 2% 

Per Year Over Ref. Case 

Option Cases 

Upside Option (vs. Case 1 )  
500 BCF More NGV Potential 

in 201 0 
500 BCF More Gas Cooling 

Potential in  201 0 
Supply Technology Advances 

25% Faster Than Ref. Case 
Transmission Costs Decline 

2% Per Year Over Ref. Case 

Downside Option (vs. Case 1 )  
50% of Growth Potential in  

Utility and NGV Markets 
Supply Technology Advances 

25% Slower Than Ref. Case 
High Environmental Compliance 

Costs on E&P Operations 

Upside Option (vs. Case 2) 
Same as Above 

Downside Option {vs. Case 2) 
Same as Above 

3.43 

2.78 

2.74 
(-.69) 

3.84 
{+.41 ) 

3.44 
{+.01 ) 

2.96 
(-.47) 

3.91 
{+.48) 

2.52 
{-.26) 

3.03 
{+.25) 

(QBTU) (QBTU) 

25.0  21 . 1  

2 1 .3  

25.9 
(+0.9) 

24.2 
(-0.8) 

25.3 
(+0.3) · 

26.7 
{+1 .7) 

23. 1 
( -1 .9) 

23.3 
{+2.0) 

1 9.6 
( -1 . 7) 

1 7.8 

22.2 
(+ 1 . 1 ) 

20.0 
(-1 . 1 ) 

21 .3 
(+0.2) 

22 . 1  
(+1 .0) 

1 8.8 
(-2.3) 

1 9.5 
{+1 .7) 

1 6.0 
(-1 .8) 



Delivered gas prices in 20 1 0 ,  as con
trasted with wellhead prices, are calculated to 
be some $0. 1 7  per MMBTU less than the Refer
ence Case. This could stimulate nearly 2 QBTU 
of additional natural gas consumption over the 
15  years to 20 1 0, most of which results from do
mestic reserve additions and production, at es
sentially no net increase in average wellhead 
prices. Gas demand is potentially higher in the 
residential, commercial, and industrial markets 
as a result of the lower delivered cost . This 
could reduce the electricity demand and defer 
construction of new generating plants. (Elec
tric utility generating cap acity additions 
through 20 1 0  are calculated to be some 4 per
cent or 8 megawatts less than in the Reference 
Case.) Although gas would be more competi
tive in the utility market at the lower price, the 
reduced electricity demand results in a net de
crease in the consumption of gas by the utili
ties. Overall, though, there is a net calculated 
increase of some 0.3 QBTU per year by 20 10 ,  
with a total consumption increase of  nearly 2 
QBTU, cumulatively. The lower delivered gas 
prices due to the 2 percent annual reduction 
in transmission costs could result in a net 
cost reduction to the customer in excess of 
$30 billion over the 15  year period to 20101 

While no specific areas have been tar
geted for achieving these cost reductions, the 
magnitude of the impact provides the incentive 
to investigate opportunities in more detail. This 
case only investigated the impact of reductions 
in transmission costs and did not include an es
timate of the effect of lowering natural gas dis
tribution costs; however, significant impacts on 
net delivered cost and consumption can be an
ticipated if distribution costs could be similarly 
reduced. 

Results of Option Cases 

In addition to investigating individual sen
sitivities related to uncertainties in various as
sumptions, several runs were made with the 
EEA Energy Overview Model to determine the 
potential impact of either exceeding or falling 
short of the conditions modeled in the Refer
ence Cases. Upside and Downside Options 
were assumed to be the same for both Refer
ence Cases, although their effects manifested 
themselves differently in each Case. While 
these have been termed ' 'Upside'' and ' 'Down
side" Cases, it would be wrong to infer that 

they represent the limits or bounds for the natu
ral gas industry. They are intended to repre
sent directionally the magnitude of the impact 
that might be expected relative to the Refer
ence Cases if the alternative outcomes were to 
occur. In the Upside Case this represents 
achieving all of the Reference Case results and 
expanding the supply and demand opportuni
ties beyond the Reference Case assumptions. 
On the Downside, the Cases provide some in
dication of the impact of not being able to 
achieve all of the advances or improvements 
assumed. 

Upside Option Case 

In the Upside Option Case,  it was as
sumed that the major opportunities for increas
ing natural gas demand, relative to the Refer
ence Cases ,  were provided by NGV and 
gas-cooling technologies. These market areas 
are discussed in Volume III , Demand and Dis
tribution. The Reference Cases assumed that 
use of natural gas in the vehicular market 
would increase to about 1 40 BCF per year. 
This represents a reasonably achievable pene
tration of compressed natural gas versus other 
clean fuels in each of the vehicle groups in the 
currently mandated programs. It was esti
mated that increased usage in both fleet and 
private vehicles could result in an additional 
consumption of 500 BCF per year by 20 1 0 .  
The other key advance that could result in ad
ditional gas use involves significant penetration 
of gas cooling technologies, primarily in the 
commercial sector. For the Upside Option 
Case, an increase of 500 BCF per year by 2010  
was also assumed for gas cooling. (This re
duces the demand for electricity in the com
mercial sector and these offsets were included 
in the model.) On the supply side, technology 
advances were included that exceeded the 
Reference Case advances by 25 percent , as 
discussed in the previous section on sensitivi
ties. Similarly, improvements were included 
that resulted in reduction of transmission costs 
by 2 percent annually relative to the Reference 
Cases. 

Table 2-4 shows the results of the Upside 
Option Cases versus the two Reference Cases. 
Compared to Reference Case 1 ,  the Upside Op
tion Case shows increased gas use of some 1 .7 
QBTU per year by 20 10 ,  the majority· of which 
comes from increased domestic production. 
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Technology advances that reduce the wellhead 
price, along with the transmission cost reduc
tions, combine to reduce the delivered cost to 
the customer. Thus, in addition to the approxi
mately one QBTU of increased use of natural gas 
in NGVs and gas cooling, the lower gas prices 
stimulate additional consumption, primarily in 
the industrial sector although slight increases 
also occur in the other sectors. Overall electri
cal demand is down due to the use of gas cool
ing; however, the lower gas prices maintain a 
relatively constant natural gas consumption level 
in the utility area. 

The consumption impact versus Refer
ence Case 2 is somewhat greater than against 
Case 1 ,  partially due to the fact that Case 2 had 
a calculated natural gas consumption level 
nearly 4 QBTU less than Case 1 in 201 0. The 
most significant difference is in the increase in 
domestic gas production, which accounts for 
nearly all of the calculated additional gas used 
in 20 10 .  Effects on wellhead prices are less, in 
spite of the technology improvements and in
creased consumption, mainly due to the well
head price in 20 1 0  being some $0 . 65 per 
MMBTU ( 1 990$) lower in Reference Case 2 
versus Reference Case 1 .  

Downside Option Case 

The assumptions in the Downside Option 
Cases differ significantly from those in the Up
side Case. On the Demand side, it was as
sumed that natural gas would not be as suc
cessful in penetrating the potential new 
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markets, specifically the electric utility and ve.:. 
hicular markets contained in the Reference 
Cases. (The gas cooling market is only signifi
cant in the Upside Option Cases described 
above.)  Growth in consumption in e ach of 
these markets was assumed to be only 50 per
cent of what was calculated in the Reference 
Cases, e.g. , if the use of natural gas in the utility 
sector increased from 2.9 QBTU in 1 990 to 5 .4 
QBTU in 20 1 0  (Reference Case 1) ,  the Down
side Option Case assumed it would only in
crease to about 4.2 QBTU. Similarly; the NGV 
potential was reduced from 1 40 BCF per year 
in 201 0  to 70 BCF per year, with proportionate 
reductions in the prior years. On the supply 
side, it was assumed that technology advances 
would proceed 25 percent slower than what 
was included in the Reference Cases. Also, 
higher E&P environmental compliance costs 
were assumed, as discussed in detail in Vol
ume IT. No improvements were assumed in the 
transmission costs relative to the Reference 
Cases. 

The summary of these results bears sev
eral similarities to the Upside Options Cases, 
albeit the direction of the changes is reversed. 
The most significant difference is in the level of 
domestic production. Relative to both Refer
ence Cases, the reduction in domestic produc
tion is greater than the change in overall gas 
usage, indicating a net increase in imports 
even though total consumption is down. This is 
primarily an effect of the increased environ
mental compliance costs as discussed in Vol
ume II, Source and Supply. 



OVERVIEW 
This study by the National Petroleum 

Council, and particularly its assessment of the 
resource base and its availability, fmds abun
dant domestic resources in place, an advancing 
level of technology making those resources 
available , and additional volumes available 
through trade within North America and else
where. The opportunity to make natural gas a 
secure and more widely utilized fuel available at 
moderate prices is substantial. To take advan
tage of this opportunity; however, will require a 
vital naturai gas industry operating in a market
driven environment with full public recognition 
of the costs and benefits of environmental regu
lation, continuing technology emphasis, and ac
cess to resources for exploration and develop
ment. The Council firmly believes this can be 
accomplished to the mutual benefit of the nation 
and all involved in natural gas production, trans
portation, marketing, and consumption. 

Additionally, the industry must learn from 
past mistakes and build on demonstrated per
formance .  Past fe ars of limited reserves 
brought on in part by the industry's lack of 
foresight must be addressed and corrected. 
Steps toward deregulation have only recently 
progressed to the point that the industry can 
demonstrate its potential to respond in a com
petitive market . Concerns that arise during 
transition to a fully market-driven structure 
must be acknowledged and overcome. 

Invariably, the fortunes of natural gas have 
been impacted by those of oil, whose swings 

during the last two decades have been un
precedented. Even though gas and oil markets 
now function independently, the persistence of 
an excess of gas supply (the so-called "gas 
bubble") and a maturity of dome�tic oil re
serve opportunity are contributing together to 
a scale-back of North American producer ac
tivity. Despite the economic basis for such 
change, there is concern in the market as t? 
potential implications for future gas supply reli
ability. Price volatility, as seen in the form of 
monthly wellhead spot price changes, adds to 
the concern. Although sharp swings, such as 
those seen in 1 992 ,  may be largely the tempo
rary product of transition to a competitive m�
ket , all participants are looking for ways to mm
imize individual exposure. 

Within this setting, and at the explicit re
quest of the Secretary of Energy, the Source 
and Supply analysis of this study was con
ducted under the following mission statement: 

• Evaluate supply aspects of the potential 
for natural gas to make a greater contri
bution to the nation -:s energy balance. A 
credible estimate is required of the recov
erable resource base and economic long
term supply including conventional, non
conventional , and import alternatives. 
Uncertainties of a geologic, technical, and 
regulatory nature must be recognized. 
Historical perspective and vision for the 
future are required to identify industry and 
government initiatives to reduce barriers, 
provide confidence in supply, and en
hance future natural gas availability. 

7 1  



KEY SOURCE AND SUPPLY 
FINDINGS 

During the course of this study; the supply 
potential for the U.S. market has been exam
ined and recommendations have been made 
supporting improved supply utilization . 
Through in-depth technical assessment of the 
resource and delivery potential, use of a so
phisticated modeling tool and specific focus on 
key parameters including technology; environ
mental regulation, and contracting practices, 
the NPC has arrived at the following findings: 
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• The United States has a vast and diverse 
recoverable natural gas resource base 
that will continue to grow with time and 
technology. Anticipating such growth 
through 20 1 0 , the NPC estimates the 
technically recoverable resource at 
1 ,295 trillion cubic feet (TCF) for the 
lower-48 states alone. Potential Cana
dian, Mexican, Alaskan, and liquefied 
natural gas (LNG) supply are also 
backed by large resources. Contrary to 
past perceptions , the natural gas re
source base itself is not (and should not 
be viewed as) a limit to expanded gas 
usage. Industry must take the lead in 
ensuring that this message is articulated 
and adopted in the market . The De
partment of Energy (DOE) is urged to 
join in promoting this assessment. It 
should be used as the basis for future 
federal and state policy determination. 

• Natural gas supply from these resources 
can be made competitively available to 
meet foreseeable demand growth if 
proper market signals, technology ad
vancement, and environmental manage
ment practices are forthcoming. For ex
ample , under Reference Case 1 (the 
moderate energy growth scenario) , 
market driven, competitive pricing for 
natural gas can bring forth sufficient 
supply to sustain current uses and at
tract new customers. Case 1 shows that 
a 25 percent increase in demand to 25 
quadrillion British thermal units (QBTU) 
by 20 1 0  is supportable. 

• Model results indicate that supply is not 
likely to be sustainable for the long term 
at wellhead gas prices typical of recent 
years. However, they do indicate that 

supply can be sustained, and even in
creased, at prices that nevertheless re
main competitive with expected user al
ternatives. Case 1 indicates that a Texas 
Gulf Spot gas price growing to $3.50 
( 1 990$) per million BTU (MMBTU) by 
20 1 0  would stimulate sufficient supply to 
competitively meet a growing energy 
demand in a growing oil price environ
ment (assumed oil price $28 per barrel 
in 201 0) . Reference Case 2 (the low en
ergy growth scenario) indicates that a 
$2.50 price by 201 0  would stimulate suf
ficient supply to sustain today's gas mar
ket share of limited energy growth out
look (assuming a constant oil price 
environment) . Evaluation of supply po
tential beyond 20 1 0  indicates that con
tinuing technology gain can help mini
mize costs and perpetuate supply until 
2020 at $2 .50, and 2030 at $3.50. 

• Annual oil and gas expenditures for the 
producing industry have averaged $35 
to $40 billion ( 1 990$) over the past few 
years. This is comparable to the level of 
expenditure in the mid-1 970s and about 
half of the peak expenditure years in the 
early 1 980s. For Reference Case 1 ,  
where domestic production increases to 
qver 20 TCF by the year 20 1 0 , invest
ment levels are projected to increase 
gradually over the next 1 0  years and av
erage about $60 billion ( 1 990$) annually 
during the 2000-20 1 0  time period.  
Lesser increases are expected for Ref
erence Case 2 ,  which projects annual 
investments remaining below $50 billion 
( 1 990$) throughout the study period. 

• A long history of intense and changing 
regulation, accentuated by public and 
private underestim:ates of supply poten
tial, has worked to suppress demand and 
perpetuate the prevailing oversupply sit
uation. The current contraction of pro
ducer activity is, in part, the delayed re
sult of these forces rather than lack of 
drilling opportunity. Therefore, this trend 
is reversible if market signals so dictate. 
However, there may be some lag and 
some continued price volatility due to the 
lead time inherent in many investment 
decisions in all phases of the business. 



• Contract diversity, driven by a cus
tomer-oriented attitude and supported 
by a regulatory climate that honors con
tract sanctity, can work to stabilize the 
market environment , encourage new 
supply, support demand growth, and 
ensure that the each participant attains 
the degree of reliability, security, and 
other services it desires. Risk manage
ment tools are also available to support 
all participants in managing exposure 
to competitive market uncert ainty. 
Over time, such diversity and practices 
can work to better transmit market sig
nals and reduce general price volatility. 

• Technology advancement has proven to 
be a key factor in the historical growth of 
gas supply. Continued advancement of 
technology at similar rates is necessary 
to ensure that natural gas resources can 
be developed in a timely; cost-efficient 
manner. Private technology initiative 
must continue to play the lead role. An 
NPC survey of representative producer 
and service company research and de
velopment (R&D) spending indicates 
that technology effort remains strong de
spite reduced profits, declining drilling 
activity, and ongoing restructuring pro
grams. Nevertheless, greater emphasis 
on cooperative programs is urged to en
sure stability of technology effort, opti
mum performance, and effective tech
nology transfer throughout industry. 
Federal funding, based on recognition 
that public interest would be served by a 
sustained, stable gas supply; is an appro
priate supplement for programs that are 
not otherwise driven by proprietary ad
vantage. Federal research funding for 
natural gas has been historically low rel
ative to spending related to other fuels 
and should be reviewed in recognition of 
greater gas supply potential than previ
ously assumed. Aspects that help re
duce supply costs, including means to 
enhance environmental cost efficiency, 
merit greater consideration. 

• The availability of natural gas, and the 
corresponding merits of its increased 
use as a clean fuel, are at risk from envi
ronmental restrictions on the supply side 
that limit access and raise costs without 

adequate balance of costs and benefits. 
A significant portion of the resource 
base is currently inaccessible due to 
leasing moratoria on the Outer Conti
nent al Shelf (O CS) ; is restricted in 
wilderness areas, marine sanctuaries, 
National Parks, and Fish and Wildlife 
Service lands; and is subject to other de 
facto administrative moratoria. The full 
potential of these are as will not be 
known until access is granted. Modeling 
results indicate that too stringent applica
tion of clean air, clean water, safe drink
ing water, hazardous waste, and other 
environmental laws without adequate re
gard to costs and benefits, including 
recognition of the downstream environ
mental benefits of natural gas, could po
tentially raise environmental compliance 
costs by $30 billion or more and reduce 
domestic supply 1 0  percent by 20 10. 

• The legislative and regulatory process 
should be reexamined and modified to 
bring more balance into the decision
making process. Industry must recog
nize and work to correct negative per
captions. It should develop innovative 
strategies to align its goals and preplan 
its projects to better recognize the pub
lic's environmental expectations. Indus
try and government need to enhance ed
ucation programs and work to ensure 
that factual information is available and 
communicated to help· bring a better bal-

...._-=ance to environmental decision making. 

RESOURCE BASE 

Lower-48 Resource Base 

Historical Perspective 

For many years, it was popular practice 
to view the U.S. supply base by looking pri
marily at proved reserves. In large part, this 
attitude grew directly out of the pipeline certi
fication process of the Federal Power Com
mission. To obtain a certificate, a showing of 
market demand and gas supply was required. 
The supply requirements typically involved 
the identific ation of proved reserves to be 
dedicated to the project for the lifetime of the 
facility. Institutions providing capital relied on 
these dedicated reserves and the certificates 
for the viability of the proposed project. This 
process, in conjunction with low gas prices, 
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helped support a rapid expansion of demand 
but provided little incentive for adding new 
proved reserves as the formerly vast reserve 
base reached its peak. By the late 1 960s, 
proved reserves were declining. As can be 
seen in Figure 3- 1 ,  through most of the 1 970s 
the proved reserve base progressively de
clined as controlled prices remained well be
low replacement needs. By the mid- 1 970s the 
ratio of proved reserves to annual production 
had dropped to ten years from a peak of 38 
years in 1 946 .  Even though the drop was 
largely a logical correction to a more econom
ically sustainable level, there was fear it would 
keep dropping. 

This has not turned out to be the case. In 
fact , the 1 0 year reserves-to-production ratio 
for the lower-48 states has remained at about 
that level for the last 1 5  years. As can be seen 
in Figure 3-2 ,  reserves have remained rela
tively constant even though substantial addi
tional gas has been produced in the meantime. 
Obviously, there is additional resource potential 
to replace the proved reserves as they are 
used. In simple terms, proved reserves repre
sent and should be perceived as an inventory 
rather than an ultimate capability. Producers 
will invest in exploration and development to 
add to proved reserves as there is need and in
centive. 

The NPC Resource Base Estimate 

It is critical to change the focus from 
proved reserves to recoverable resources. 
Much work has been done and published in 
this regard by various organizations and institu
tions in the past . Accordingly; several NPC 
Source and Supply subgroups were formed to 
draw from this expertise as well as to under
take further original work as deemed neces
sary. Special focus was given to reserve ap
preciation , tight sands 1 and technology 
advancement. The NPC natural gas resource 
estimate of 1 ,295 TCF is the result of that exten
sive effort . It represents current proved re
serves plus assessed technically recoverable 
resources under technology projected to be 
applicable by 201 0. 

This estimate, shown by resource cate
gory in Table 3- 1 , constitutes the consensus 
opinion. Recognizing that neither today's gas 
price nor today's technology should limit pro
jection of the supply base available to meet fu-
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TABLE 3-1 

NATURAL GAS RESOURCE BASE 
FOR THE LOWER-48 STATES 

{Tril l ion Cubic Feet) 

Proved Reserves 1 60 

Conventional Resources 

Reserve Appreciation 203 
New Fields 41 3 

Subtotal 61 6 

Nonconventionai Resources 

Coalbed Methane 98 
Shales 57 
Tight Sands 349 
Other 1 5  

Subtotal 51 9 

Total Resources 1 ,295* 

*Technically recoverable resource base as . of 
January 1 ,  1 991 , assuming that current access 
moratoria expire as scheduled and incorporating 
technology advancement through 201 0. Assuming 
various price levels with current and advanced 
technology, yields the following total resource 
estimates: 

Recoverable Besoyrce Base 

.([Q.El 
Price 1 990 201 0 

(1 990$) Ias:<bm�l!2mt I!ils:&bD!21!2Sill 
Unspecified 1 ,065 1 ,295 

$3.50/MMBTU 600 825 
$2.50/MMBTU 400 600 

ture needs, no explicit economic or price as
sumptions were set as criteria; however, sub
jective judgment was used to exclude poorly 
defined and diffuse portions of the in-place re
source potential and to establish reasonable 
technology trends and recovery factors for the 
remaining areas. For example, poorly defined 
nonconventional potential and exotic possibili
ties such as hydrates were excluded. Recovery 
factors for both conventional and nonconven
tional gas were established, anticipating tech
nology advancement over the next 20 years 
consistent with past experience. The concep
tual interrelationship between reserves, re
sources, economics, and technology is shown 
graphically in Figure 3-3. 
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Figure 3-3. Schematic of Natural Gas Resource Base. 

It was judged appropriate to primarily char
acterize the resource base llllder the assumption 
of 201 0 technology to best recognize that tech
nology is a continuing process and thus the re
coverable resource base is dynamic and grow
ing. The comparable estimate assuming there is 
no further advance in technology from 1 990 lev
els is 1 ,065 TCF A detailed comparison of the 
NPC resource estimate to other studies is con
tained in Chapter One of Volume II, Source and 
Supply: A more quantitative discussion of the re
source base llllder specific economic, technol
ogy, and access assumptions is discussed later in 
this summary after establishing the economic 
and technology criteria used in developing the 
supply assessment (see Supply Curves section 
of this chapter) . 

While comparison with other estimates is 
difficult due to differences in definition and 
methodology, directionally; the NPC resource 
estimate is larger by 1 0  to 20 percent than gen
erally recognized, previously published esti
mates. This is partly attributable to the explicit 
NPC recognition of continuing technology ad
vancement and partly to the comprehensive 
approach taken for evaluating reserve appreci
ation and tight sands. More importantly, the 
breadth of participation and consensus ap
proach adopted for the NPC study work gives 
increased confidence in the overall resource 
base and the potential contribution from each 
resource category. 
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As new knowledge and new technology 
become available, . subsequent forecasts by 
others would be expected to increase as well. 
There is llllcertainty for any resource base esti
mate, in part because of the inherent uncer
tainty in defining any opportunity that remains 
in the ground. Although estimating tools in
clude risk weighting and other statistical tech
niques, there is still a tendency to be conserva
tive to enhance credibility. Likewise, time and 
economic incentives bring technology applica
tion to previously m arginal and , therefore , 
probably llllderstated resources. 

The following is a detailed discussion of 
the 1 ,295 TCF resource base that is shown in 
Table 3-1 .  

Conventional Gas Resources 
(6 16 TCF} 

The Reserve Appreciation (203 TCF) is 
that portion of the resource base resulting from 
the recognition that the c urrently booked 
proved reserves are conservative by definition 
and will continue to grow over time. The 203 
TCF is an estimate of that growth expectation 
from today forward for currently discovered, 
high permeability conventional gas fields. (An 
additional 33 TCF reserve appreciation is con
tained within the tight s ands resource dis
cussed below and relates to growth for cur
rently producing low permeability fields.) This 



resource is incremental gas likely to be added 
over time in fields that already have produced 
760 TCF and contain proved reserves of 1 60 
TCF. Such appreciation occurs as a result of re
serve additions from field extensions , new 
reservoirs, and revisions due to infill drilling, 
improved technology; enhanced recovery, well 
workovers, and recompletions. Increasingly 
sophisticated technologies, such as 3-D seis
mic, cased-hole well logging, and horizontal 
drilling, help to make such reserve growth a re
ality. Historical evidence shows that fields 
more than 50 years old are still showing signifi
cant additions. 

NPC analytical work on reserves appreci
ation involved statistical analysis of a large data 
base containing reserve estimates for the 1 966-
1 98 9  period .  The results  of  the analysis 
showed that reserve additions can be corre
lated to both time (maturity of fields) and level 
of activity (drilling) . Resenie appreciation sta
tistical results were confirmed by a confidential 
survey of individual company experience re
garding reserves appreciation for a number of 
specific fields. 

The New Fields category (4 1 3  TCF) ap
plies to gas yet to be discovered. Since wildcat 
exploration will be required to find this gas, it is 
largely based on risked assessments attribut
ing geologic similarities from known areas. 
Much of it will be at greater depth and in 
deeper water than historically developed, or in 
smaller fields if found in more mature areas. 

Nonconventional Resources (6 19 TCF) 

For convenience shale gas ,  coalbed 
methane, and tight gas are classified together 
as "nonconventional" gas. Although this is 
somewhat of a misnomer, the term nonconven
tional is used because each of these is in a rel
atively early stage of technical development. 
Figure 3-4 shows the most active basins and 
those with the most significant potential. 

For gas from shale (57 TCF) , coalbed 
methane (98 TCF) , and tight sands (349 TCF), 
both public and company sourced evaluations 
were used to establish likely recoverable esti
mates. For tight sands, consultants were also 
used to aggregate extensive data obtained 

Figure 3-4. Location of Principal Nonconventional Gas Basins. 
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from a confidential survey of current operators 
and assist in a statistical analysis of historical 
production data. 

It should be recognized that, although the 
potential tight sands resource base is quite 
large, the NPC has evaluated in detail only that 
portion for which sufficient data exist to ade
quately characterize potential. For example, 
the U.S. Geological Survey (USGS) has esti
mated that overpressured tight formations in 
the Greater Green River Basin alone contain 
over 5,000 TCF of gas in place. The economic 
development of most of this and similar in
place potential elsewhere is highly speculative 
at this time and is expected to require technol
ogy or cost/price improvements beyond those 
considered reasonable in this study. Therefore, 
only those portions of formations that are cur
rently under development or are expected to 
be significantly developed during the study pe
riod ( 1 990-201 0) are included in the 349 TCF 
assessment for tight gas. 

Import/Alaskan Resources 
Canadian resource potential has also 

been examined using evaluation techniques 
similar to those used for the United States.  
The NPC estimate of 7 40 TCF, as shown in 
Table 3-2 , is larger than generally acknowl
edged in reports published by others, espe
cially in the relatively accessible western 
basin (excluding the 3 1 7  TCF Frontier) . It in
cludes significant coalbed methane ( 1 29 TCF) 
and tight sands (89 TCF) . To eventually be 
competitive, natural gas resources in the fron
tier areas face the extra transportation burden 
imposed by their remote location. 

Alaska has a considerable gas resource 
base ( 180 TCF), but it too suffers the burden of 
remote location relative to lower-48 markets. 
Mexico (252 TCF) is currently a net importer 
of natural gas, but this is expected to reverse 
over time. 

Several countries interested in exporting 
LNG to the United States also have vast re
sources in comparison to their indigenous de
mand potential . These include Nigeria ,  
Venezuela, Algeria, and Norway. 

Combined Resource Potential 
The cumulative potential of  all these 

sources is shown in Figure 3-5. Obviously not 

78 

TABLE 3-2 

CANADA 
NATURAL GAS RESOURCE BASE 

(Trillion Cubic Feet) 
Proved Reserves 72 

Conventional Resources 

Reserve Appreciation 24 
New Fields 1 09 
Frontier 31 7 

Subtotal 450 

Nonconventional Resources 

Coalbed Methane 1 29 
Tight Gas 89 

Subtotal 21 8 

Total Resources 740 

Basis - Technically recoverable resources 
incorporating technology advancement through 
201 0. 

all of these 2 ,500 TCF in resources are ulti
mately destined for the United States; How
ever, the large size of the U.S. market com
pared to other North American markets, and 
the strides taken in recent years to implement 
free-trade principles, make the conclusion of a 
vast and diverse resource base self-evident. 
Therefore. from a resource standpoint. natu
ral gas deserves the same perception as has 
been long held for coal-namely. that the re
source. itself. is not a limiting factor. While 
this perception has already taken hold in some 
quarters ,  the NPC recommends that it be 
brought forth for more general adoption both in 
the marketplace and as a criteria for govern
mental policy. 

SUPPLY POTENTIAL 
(ECONOMIC AVAILABILITY) 

Of equal importance to an adequate re
source base is the capability to translate it into 
timely and competitive supply. Clearly, the nat
ural gas industry is demonstrating such a capa
bility, as evidenced by the level of deliverability 
that has been maintained for the last decade in 
the face of declining prices and soft demand. 
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Figure 3-5. Combined Resource Potential. 
(Trillion Cubic Feet) 

Nevertheless, shortages of the early 1 9 70s 
leave concern as to whether supply can and will 
be sustained. Recent industry steps to down
size. domestic exploration and development ac
tivities add to the concern. The historical busi
ness and regulatory factors influencing these 
cycles as well as the physical potential to add 
new capacity in the future have been examined: 

• Natural gas supply can be made competi
tively available to meet foreseeable de
mand growth if proper market signals , 
technology advancement , and environ
mental management practices are forth
coming. 

• Market practices and government policy 
appear to be moving appropriately in the 
direction necessary to ensure that supply 
growth will occur as needed. The recom
mendations contained in this study that 
encourage further progress toward a cus
tomer-oriented, free market are critical to 
maintaining momentum in that direction. 

Key Supply Parameters 

Concurrent with evaluation of the resource 
base itself, various subgroups assessed finding, 
drilling, and development costs ;  technology 
contribution; environmental trends; and import 
potential to establish a realistic basis for supply 
prediction. Confidence in study results was en
hanced by integrating assessment of supply dy
namics with assessment of each related portion 
of the resource base itself. The approach and · results of this effort are summarized below and 
discussed in depth in Volume II , Source and 
Supply. 

Conventional Gas 

Gas from already proved reserves and re
serve appreciation should be relatively eco
nomic to develop, since both are closely associ
ated with discovered reservoirs and existing 
infrastructure. An indication of reserve growth 
potential and its near term significance to supply 
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availability is apparent from reserve addition 
statistics of the past ten years. As shown in Fig
ure 3-6, new fields contribute a relatively mod
est portion of the total proved reserve additions 
added each year. Reserve growth (new reser
voirs, extensions, and net positive revisions) 
make up the rest. 

The chart also demonstrates an excep
tional trend for reserve revisions during the last 
five years. Despite relatively low gas prices 
compared to the e arly 1 980s,  net revisions 
jumped to an annual average of positive 6 .5  
TCF in the late 1 980s from an historical average 
of positive 1 . 5 TCF for the prior 1 0  years . 
(Contrary to earlier expectations, newly re
leased EIA data for 1 99 1  show a continuation of 
this 6 .5  TCF trend.) Well recompletion data 
and Natural Gas Supply Association survey es
timates of deliverability support the assumption 
that such revisions are real. Apparently; pro
ducers reacted to difficult times by focusing 
management attention and technological inno
vation on maximizing low cost gas recovery in 
fields already owned. Undoubtedly these re
sults not only demonstrate the resourcefulness 
of the industry but help explain the persistence 
of the long-standing "gas bubble." 

Substantial new field discovery potential 
remains in the United States as well as in 
Canada. Much of the potential is onshore and 
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can be developed with limited lead time once 
discovery occurs. Directionally, supply from 
new fields, especially in the United States, will 
be more expensive than past production, as it 
will incre asingly come fro m  sm aller and 
deeper fields, as well as from fields in deeper 
waters offshore. Continuing advances in explo
ration and development technology and effi
ciency will help ensure that such supply can be 
produced competitively. Access, especially to 
the offshore potential, and reasonable environ
mental regulations are essential as well. 

Nonconventional Gas 
Production of coalbed methane has risen 

at an impressive pace in the last few years in 
part due to t ax incentives ,  but also due to 
rapidly advancing technology. Similar potential 
applies to tight sands. A key fmding for tight 
sands is that the cost of production will be much 
lower than indicated by a 1 980 NPC study; Un
conventional Gas Sources. The 1 980 work antic
ipated massive hydraulic fracturing with great 
fracture lengths. While fracture lengths have not 
increased as much as expected, this has been 
more than offset by new stimulation fluids, bet
ter fracture techniques, cavity completion tech
niques, and significant advances in ability to de
tect , interpret , and selectively develop 
potentially productive intervals. 
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Technology 

Early in the study, it was unanimously 
agreed that technology could be the most im
portant factor in the future of natural gas supply: 
A qualitative survey was undertaken by partici
pating companies to assess technology contri
bution over the last 20 years. It found uniform 
concurrence that the technology impact has 
been high in all of the over 50 categories ex
amined. Most respondents not only expect fur
ther technological gain, but that the pace will 
actually accelerate. Substantial anecdotal evi
dence exists to support this conclusion as do 
the specific technology discussion papers 
available in the appendices of this report. 

Areas perceived as especially important 
for technology advancement in coming years 
include improved exploration tools to enhance 
success as wildcat opportunities mature, fur
ther advances in reservoir stimulation , im
proved means to detect uncontacted resources 
in developed fields, and better means to cost
effectively minimize environmental impact. 

To calibrate the qualitative survey trends, 
a consultant undertook a statistical analysis of 
historical drilling costs, for which detailed data 
are more available than for other cost cate
gories. After sorting between technology and 
other factors such as inflation and rig availabil
ity; the correlation showed an underlying tech
nology-b ased cost savings trend of 3 
percenVyear on drilling costs for the 1 970-1 989 
study period. Confirmation came from earlier 
NPC work A 1 967 study of the 1 950- 1 965 pe
riod also showed a 3 percent/year trend for 
drilling costs using an entirely different 
methodology: 

Environmental Regulation 

Compliance with environmental regula
tions continues to be an ever increasing com
ponent of the cost of producing natural gas. 
During the 1 970s and 1 980s, compliance costs 
grew an average 4 percent/year, adjusted for 
inflation. The potential for a continuation of this 
trend, combined with growing restrictions for 
both onshore and offshore access to new ex
ploration opportunities, led the NPC to take a 
detailed look at the implications of potential · new restrictions on exploration and production 
operations. Building on earlier work done by 

organizations such as the API, a range of possi
ble applications was established for such legis
lation as the Resource Conservation and Re
covery Act (RCRA) , the Clean Water Act 
(CWA) , the Safe Drinking Water Act (SDWA) , 
and the Clean Air Act (CAA) . 

The general conclusion, and the assumed 
basis of the Reference Cases reported in this 
study, is that reasonable application of new 
rules using a balanced cost/benefit approach 
would continue to raise compliance costs at a 
pace somewhat below the historical rate of in
crease but should not have an overwhelmingly 
adverse effect upon overall gas-producing 
costs-aggregating to about 1 0  percent above 
today's already carefully controlled and moni
tored operations. 

However, as will be discussed in Chapter 
Seven, Environment, and elaborated on in Vol
ume II, there is substantial risk that such bal
ance will not prevail. Access restrictions and 
extreme regulation could significantly constrain 
supply and raise costs at an accelerating pace 
well above the historical rate of increase unless 
today's process is modified so as to better bal
ance environmental risk and other national 
needs. For natural gas this includes recogni
tion of its "downstream" environmental attrac
tiveness as a clean fuel. 

Modeling .Approach 
As the second step in evaluating supply 

potential, the study adopted and modified an 
already highly sophisticated computer simula
tion model known as the Hydrocarbon Supply 
Model. Utilization of the modeling approach 
allows determination of natural gas price 
trends required over time to sustain supply 
and meet demand growth opportunity in com
petition with other user alternatives such as 
coal and fuel oil. It allows for recognition of 
time-dependent factors such as technology 
advancement , reserve appreciation, and ac
cess restrictions. 

Given the complexity of the nation's natu
ral gas business, its diverse resource base, and 
the number of factors that can influence con
version to deliverable supply, the two Refer
ence Cases were developed to provide a 
benchmark for assessing supply potential in 
the context of expected market opportunities. 
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Several assumptions that are critical to the 
supply results were made for both Cases: 
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• Supply will be driven by market need. The 
excess of supply prevalent for the last few 
years is believed to be the result of market 
transition. It is assumed that it will dissipate 
with time in response to market signals. 
For the Reference Cases, it is assumed that 
producers will have "perfect foresight" of 
market opportunities and price trends 
when adding new reserves and delivery 
capacity as currently available supply un
dergoes economic depletion. 

• It is assumed the current supply-industry 
restructuring will self-correct when neces
sary. There will be no regulatory; contract 
practice, transportation, or storage limita
tions that distort market signals from 
reaching the supply community in a timely 
manner. 

• Industry profitability and reinvestment ra
tios will vary year to year and individually, 
as circumstances dictate, but it was as
sumed that they will generally be 1n line 
with historical levels (i.e . , averaging ap
proximately 5 percent real annual rate of 
return after tax and 70 percent expendi
ture/income) . 

• There will not be significant tax distortions 
or free-trade restrictions that bias natural 
gas supply type or source-either na
tional or international in nature. Specifi
cally, it is assumed that Section 29  tax 
credits are not extended beyond 1 992. 

• There will be no further exploration or de
velopment access restrictions than now ap
plicable under existing laws and moratoria. 
It is assumed that existing offshore (OCS) 
moratoria are not renewed at the end of 
their current terms. Estimated first explo
ration opportunity after assumed expiration 
of the moratorium is shown on Thble 3-3. 

• Thchnology advancement will continue at 
a pace consistent with survey indications. 
Specifically; it is anticipated that drilling 
costs will benefit from a technological im
provement estimated at 4 percent/year. 
Resource recovery will increase approxi
mately 0.5 percent/year for conventional 
gas and 2 percent/year for nonconven
tional gas. 

TABLE 3-3 

OCS MORATORIUM AREAS 
ESnMATED FIRST 

EXPLORATION ACCESS 

Eastern Gulf 
· North Atlantic 

Mid-Atlantic 
Florida Straits 
California 
Washington/Oregon 

1 997 
201 0 
2002 
201 5 
2005 
201 0 

These assumptions are both achievable 
and appropriate for the purpose of characteriz
ing what can be accomplished consistent with 
the NPC vision of sound government policy 
and a healthy market environment. 

In addition to the judgments listed above, 
the model's methodology and numerous ex
plicit assumptions were closely examined, in
cluding: resource definition by field size , 
depth, and basin within both the United States 
and Canada; onshore and offshore drilling and 
development cost parameters; new field fmd
ing rates; ING development, shipping, and ter
minal costs and capacities; etc. 

The judgments and explicit assumptions 
used for modeling analysis are subject to ex
ternal influence and technical uncertainties that 
will vary from year to year as events unfold. 
Therefore, the Reference Cases and sensitivi
ties described below are intended to be in
structive trend indicators rather than forecasts. 
Neither Reference Case nor any sensitivity is 
considered more or less probable than any 
other. 

Supply Implications of Reference 
Case 1 (Moderate Energy Growth 
Scenario, 1991-2010) 

Reference Case 1 represents the stronger 
demand outlook of the two Reference Cases 
chosen. Although it does not represent maxi
mum gas demand (or supply) potential, it does 
provide a sound basis for defming supply ca
pability within a realistic framework of a grow
ing market. Directionally, it demonstrates that 
natural gas supply can be made competitively 
available to meet growing demand opportunity 



through 20 1 0 (the last year for which detailed 
demand analyses were conducted.) 

Specific model results and trend indica
tors are summarized in Table 3-4 . Under this 
scenario, gas supply increases by 25 percent 
from 1 9 .3  TCF in 1 99 1  to 24 .3  TCF in 20 1 0  
(equivalent to 25 QBTU) . Figure 3-7 shows the 
supply trend and supply mix by year. (For con
venience of comparison, Reference Case 2 
supply is shown in Figure 3-8) . 

For Case 1 ,  in response to competitive 
market requirements,  domestic production 
rises 1 8  percent from 1 7  .5 TCF in 1 99 1  to 20.7 
TCF by 20 10 .  By 20 1 0, 29 percent of domestic 
supply comes from nonconventional supplies 
as opposed to 1 2  percent in 1 99 1 .  Imports 
double to 3 .6 TCF/year by 20 1 0  or 15 percent 
of total supply. Most of the import gain is ex
pected to be Canadian gas from traditional 

western producing regions. It is not expected 
that North Slope Alaskan or Canadian frontier 
gas (MacKenzie Delta) will be competitive 
within the 20 1 0  time frame. LNG imports rise 
to 0 .3 TCF/year, utilizing less than one half of 
existing capacity at the four available terminals. 

Under Case 1 ,  utilization of domestic deliv
erability increases sharply in the next few years. 
Utilization has stayed in the low 80 percents for 
the last five years but approaches 94 percent by 
1 995, anticipating that recent cutbacks in activ
ity continue for the interim. Afterwards, it 
would likely stay near year-round maximum uti
lization, estimated to be 96 percent. 

The model results indicate tQ.at gas will re
main competitive in the market under the de
mand assumptions o f  this scenario , even 
though the average wellhead price necessary 
to encourage adequate supply increases over 

TABLE 3-4 

REFERENCE CASE 1 SUPPLY SUMMARY . 
MODERATE ENERGY GROWTH SCENARIO 

1 991 1 995 2000 2005 201 0 

Supply, TCF/year 

Domestic 1 7.5 1 7.9 1 8.6 20. 1  20.7 
Imports 1 .8 2.5 3. 1 3.0 3.6 

Total 1 9.3 20.4 2 1 .5 23. 1 24.3 

Deliverabil ity 

Utilization, % 83 94 96 94 95 

Wellhead Price 

Texas Gulf Spot, 
1 990$/MMBTU 1 .27 1 .98 2.88 2.76 3.47 

Gas to Oil , % 40 60 79 64 72 

Well  Completions 

Gas 9,800 9,800 1 2,500 1 4,400 1 8,400 

Proved Reserves, TCF 

Lower-48 1 56 1 43 1 37 1 48 1 53 
Canadian 70 64 66 71  77 

Memo-Oil Price 

1 990$/Barrel 1 8.38 1 9.01 2 1 . 1 0 25. 1 4  27.85 
1 990$/MMBTU 3. 1 6  3.27 3.63 4.34 4.80 
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Figure 3-7. U.S. Lower-48 Gas Supply-Reference Case 1 .  
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the 20-year study period (see Figure 3-9) . 
Model results show a steady increase in price 
until the turn of the century, driven on the sup
ply side by increasingly expensive incremental 
supply from conventional sources. This can be 
seen from the drilling requirements shown in 
Figure 3- 10 .  Drilling for conventional gas dou
bles during the next ten years followed by a 
rapid buildup for tight sands drilling thereafter. 
Once full deliverability utilization is reached, at 
the turn of the century, it plateaus at about 
$2.80/MMB'IU ($1 990) for a decade before ris
ing to about $3.50/MMB'IU in 20 1 0 . 

Compared to crude oil on a B'IU equiva
lency basis, the gas wellhead price increases 
from about 42 percent today to about 72 per
cent by 20 1 0. This is a substantial increase at 
the wellhead, but somewhat offset at the burn
ertip by increased efficiency of transportation 
due to higher throughputs. Demand-side fac
tors and burnertip price comparisons that sup
port this competitive supply/demand balance 
are discussed in Chapter Four, Market Oppor
tunities, and in Volume III, Demand and Distri
bution. Generally, burnertip prices remain 
competitive due to rising alternative fuel costs, 
increasingly stringent environmental standards 
that natural gas more easily meets, and the rel
atively low capital requirements and high effi
ciency of natural gas facilities. 

Figure 3- 1 2  adds a 30-year historical per
spective. Neither the demand nor pr'ice ex
ceed historical peaks. Indeed, the historical 
peaks and valleys generated by misregulation 
stand out as an anomaly: 

Supply Implications of Reference 
Case 2 (Low Energy Growth Sce
nario, 1 991-2010) 

Reference Case 2 represents a relatively 
weak demand outlook with the challenge for 
natural gas compounded by the assumption 
that oil prices remain near today's level through 
the next 20 years. Results are summarized in 
Table 3-5 and Figures 3-8, 3-9 , and 3- 1 1 .  Fig
ure 3- 1 3  adds a 30-year historical perspective 
to the Case 2 results. 

Modeling results indicate natural gas sup
ply can competitively respond with total supply 
increasing slightly from 1 9 .3 TCF/year in 1 99 1  
to 20.8 TCF/year in 20 10 .  Domestic production 

would be sustained at close to current levels. 
Imports ,  primarily from Canada , would in
crease about 7 5  percent to 3 . 1 TCF/year. 
Lower producer activity in proportion to per
ceived lower demand and lower competitive 
crude oil pricing, would yield a deliverability 
utilization similar to Case 1 -namely, an in
crease to essentially full utilization by the turn 
of the century. Wellhead price by 20 10  would 
be approximately 0 . 7 5  $/MMB'IU lower than 
Case 1 .  

The possibility that overall domestic pro
duction would stay essentially constant results 
in substantially different service industry needs 
for the next ten years. Drilling stays essentially 
constant through the tum of the century under 
Case 2 ,  compared to a doubling under Case 1 .  
Thereafter, service industry needs would still 
increase due to smaller field size and in
creased utilization of nonconventional gas re
sources made economic by the combined ef
fect of  technology advance and higher 
wellhead prices than today: 

Long-Term Supply Sustainability 
(1991-2030) 

The modeling approach was also used to 
assess the sustainability of competitive gas 
supply for the longer term beyond 20 10 .  Many 
current natural gas users (particularly residen
tial and commercial with limited fuel switching 
capability) and potential new customers (par
ticularly capital intensive electric utility and in
dustrial) need assurance of supply beyond the 
20-year study period. While such security may 
be individually attainable through term con
tracting, it is appropriate to look at the underly
ing aggregate long-term gas supply potential 
for additional comfort. 

For the purpose of this evaluation, gas de
mand and oil and natural gas prices were as
sumed to rise in a manner similar to Case 1 .  
With these benchmarks, gas supply potential 
was assessed at various · maximum price lev
els-specifically $ 1 . 50 ,  $2 . 5 0 ,  $3 . 50 , and 
$4.50/MMBTU ( 1 990$) . The resulting supply 
capability is shown in Figure 3- 1 4. 

Results suggest that gas supply cannot be 
sustained even for the ne ar term at 
$ 1 .50/MMBTU but is readily sustainable well 
beyond 2 0 1 0  within the range of $ 2 . 50 to 
$3 .50/MMBTU ( 1 9 90$) . Compared to the oil 
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TABLE 3-5 

REFERENCE CASE 2 SUPPLY SUMMARY 
LOW ENERGY GROWTH SCENARIO 

1 991 1 995 2000 2005 

Production, TCF/year 

Domestic 1 7.5 1 7.2 1 6.4 1 7.7 
Imports 1 .8 2.5 2.7 2.9 

Total 1 9.3 1 9.7 1 9. 1  20.6 

Deliverabi l ity 

Util ization, % 83 94 96 96 

Wellhead Price 

Texas Gulf Spot, 
1 990$/MMBTU 1 .27 1 .61 2.36 2.45 

Gas to Oil, % 40 60 81 77 

Well  Completions 

Gas 9,800 6,700 9, 1 00 1 2,500 

Proved Reserves, TCF 

Lower-48 1 56 1 36 1 22 1 25 
Canadian 70 63 58 61 

Memo-Oil Price 

1 990$/Barrel 1 8.38 1 5.50 1 7.00 1 8.50 
1 990$/MMBTU 3. 1 6  2.67 2.93 3 . 1 9 
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Figure 3- 1 1 . U.S. Lower-48 Gas Well Completions 
by Type of Gas Resource-Reference Case 2. 
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Figure 3- 1 4. Long-Term Gas Supply at 
Various Maximum Wellhead Price Levels. 

price assumption for 2030 , this yields a well
head BTU equivalency for gas between 60 and 
70 percent. 

Import dependence would rise from 1 1  
percent today to 25 percent in 2030, primarily 
gas from Canada. While this is a substantial in
crease, it remains modest compared to today's 
U.S. 50 percent oil dependence and compared 
to other developed gas markets around the 
world. For example, Japan is essentially 1 00 
percent dependent on import LNG for its gas 
supply and willing to pay approximately 1 00 
percent of crude oil equivalency as well. 

Figure 3- 1 5  shows the mix of domestic 
supply for the maximum case. Conventional 
supply begins to drop around 20 10 ,  and is in
creasingly replaced by tight sands production. 

Figure 3- 1 6  compares cumulative produc
tion over the 40 years to the resource base ex
pected to be available to support continuing 
development activity. Note that the starting 
point includes 7 60 TCF already produced as of 
1 990. The resource base is expected to con
tinue growing as new technology becomes 
available. Even in 2030 the remaining resource 
base should be substantial. 

Supply Curves 

Another traditional approach to defining 
long-term supply potential is to subdivide the 
recoverable resource base into various 
cost/price categories. Although such an ap
proach cannot adequately take into account dy
namic factors such as time-dependent reserve 
appreciation, technology advancement, and the 
changing competitiveness of alternative fuels, it 
does provide a means of visualizing the under
lying economic resource potential and the im
portant contribution technology advancement 
can make in increasing that potential. 

Utilizing· explicit detailed assumptions 
similar to those previously stated for the 
modeling work used to develop the Refer
ence . Cases, aggregate "supply curves" can 
be developed for specific fixed price and 
technology assumptions as shown in Figure 
3-17 .  Several conclusions can be drawn from 
analysis of these curves: 

• By definition ,  the 1 60 TCF proved re
serves are economic under current tech
nology and wellhead prices.  Even at 
$ 1 .50/MMBTU, reserve additions are likely 
to nearly double this figure. 
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• At prices commensurate with Reference 
Case 2 of $2.50/MMB'I'U (1 990$) in 20 10 ,  
the estimated economic resource, even 
with today's technology, is approximately 
400 TCF. The significant potential of tech
nology gain is evident at this price as
sumption. Assuming 20 1 0  technology, the 
economic resource estimate increases to 
600 TCF. Even excluding import potential, 
this is a 35-year supply at current domes
tic production levels. In a dynamic world, 
technology gain within such a 35-year 
span would likely increase the economic 
resource further. 

• At $4 .50/MMB'I'U (1 990$) , approximately 
950 TCF is economic under 20 1 0  technol
ogy assumptions. This represents the 
equivalent of a 60-year supply and sug
gests an immense menu of exploration 
and development opportunities available 
over time to replace and supplement to
day's production. It is of interest to note 
that an increase from $ 1 .50 to $4.50 over 
60 years represents an annual real growth 
rate of less than 2 percent/year -clearly 
substantial over such a long time but 

rather small annually in comparison to the 
± 50 percent swing seen in 1 992 monthly 
wellhead prices alone. 

Supply Sensitivities 
The NPC does not consider either of the 

Reference Cases to be a forecast of the future 
so much as a disciplined means to look at the 
interaction of supply and demand potential 
within a reasonable framework for analysis. 
Therefore, to establish the range of potential 
upside opportunity and downside risk, a 
number of sensitivity cases were developed 
and analyzed as summarized below. For dis
cussion purposes all are described relative to 
Reference Case 1 .  

Higher New Field Discovery Potential 

Assessment of new field potential involves 
detailed basin-by-basin evaluation of geologic 
potential attributing known results elsewhere to 
new areas with similarities. Given statistical un
certainty, the study recognizes that there may 
even be basins that have been completely 
overlooked (for example the Norphlet trend in 
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the Gulf Coast Basin was only given limited 
recognition as recently as 1 0  years ago) . Al
though 50 TCF has been included in the NPC 
resource estimate to accommodate this possi
bility. the estimate of new fields potential could 
still be conservative by as much as another 100 
TCF. Should this prove to be the case, addi
tional supply would become economic, in
creasing gradually to 1 TCF/year by 20 1 0 . 
Gomp.etitive price could be as much as 
$0 .50/MMBTU lower in the later years, antici
pating that larger typical new field size would 
lower unit development costs. 

Higher Import Potential 

Canadian resources are relatively less ex
ploited than those in the lower-48 states. Up
side potential could be as great as 50 percent 
compared to the NPC estimate for the Western 
basins. There is also the possibility that Mex
ico's 252 TCF. resource base will be developed 
at a pace to displace imports from the United 
States and bring net exports of 0.5 TCF/year to 
the United States by 20 1 0 . Together these 
could add over 1 TCF/year to U.S. markets by 
20 1 0 and reduce the competitive price by 
about $0.50/MMBTU. Conversely, were Canada 
to impose export growth restrictions, U.S. im
ports could be reduced 0.5 TCF with competi
tive price raised approximately $0.25/MMBTU. 

Rapid Tight Sands Development 
Potential 

Although the NPC study work on tight 
sands suggest impressive potential in the com
ing years, there is uncertainty as to the practical 
pace at which activity buildup can occur. Ac
cordingly, a judgmental growth rate restraint of 
20 percent/year was imposed on tight sands 
development investment in the Reference 
Cases. Accelerated development without such 
an assumption yields an additional ! TCF/year 
by 201 0. . 

No Tight Sands Technology Advance 

Conversely, technology advance is ex
pected to be rapid for tight sands as activity 
levels increase above today's rather modest 
programs. Should the assumed 2 percent/year 
recovery gain not materialize, production by 
20 10 would likely be 1 TCF/year lower. 
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High Environmental Regulation 

Recognizing the exposure to more strin
gent regulation than assumed for the Reference 
Cases under a balanced cost/benefit philoso
phy, a s��tivity case was defined incorporat
mg additional regulatory initiatives based on 
J?ublicly proposed, more stringent interpreta
tion or amendment to RCRA, CAA, SDWA, and 
CWA. While this does not represent a "worst 
case," it does incorporate substantially more 
aggressive environmentally motivated con
straints on supply than assumed for the Refer
ence Cases. For example, the sensitivity case 
assumes RCRA would be amended to apply 
more extensively to exploration and production 
activities than assumed for the Reference 
Cases. As a specific illustration, tanks would 
r�place surface impoundments (pits) in most 
Sltuations. In combination with other specifi
cally defined changes, individual drilling costs �or new wells in this sensitivity case would be 
mcreased by 50 percent. Modeling results in
dicate supply would be decreased at least 2 
TCF/year by 20 10  due to earlier well abandon
ment and reduced drilling caused by higher 
capital and operating costs. 

Forecast Uncertainty 

The range of supply required to satisfy de
mand for the moderate versus low energy 
growth scenarios (Case 1 vs. Case 2) illustrates 
the hazard and uncertainty facing the producer 
COII�m�ty in coming years. Obviously. the 
subJective assumption of ' 'perfect foresight" is 
not going to occur in the real world. 

As an alternative to the presumption of 
such foresight , it is possible that demand will 
continue to linger for a few years near the lev
els of the low energy growth scenario while 
perceptions of a stronger market bring forth 
new supply sufficient to meet the higher needs 
of the moderate energy growth scenario--or 
vice versa. This could be accentuated if regu
latory reform is delayed or otherwise less than 
successful. Price movements could be erratic 
as a result. 

As seen in Figure 3- 1 8 ,  two sensitivities 
using different assumptions on near-term re
serve additions and deliverability demonstrate 
the degree to which price instability could oc
cur if market signals are poqrly transinitted. As 
regulatory and contracting practices evolve in 
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Figure 3- 18.  Price Uncertainty-Texas Gulf Spot Wellhead Price. 

response to market need, new contract forms 
and new risk management tools such as the fu
tures market can be used to minimize such 
price swings for producers and consumers 
alike. Increased flexibility to fully utilize trans
portation and storage systems can also cushion 
market cycles. 

. POTENTIAL CONSTRAINTS AND 
OPPORTUNITIES FOR SUPPLY 

Producer/Service Company 
Rebound Potential 

Rather than relying on specific numerical 
projections of the future for confidence in long
term supply security and reliability. it is per
haps more appropriate to look at underlying 
fundamentals of the industry: 

Recent industry downsizing and declines 
in drilling activity in North America have raised 
concern that natural gas supply may prove un
able to respond to future market needs. While 
driven largely by oil considerations rather than 
natural gas, the statistics are nevertheless un
pleasant. Gas well drilling has reached its low
est point in over 1 5  years. Jobs in the oil and 

gas extraction sector are down 50 percent in 
ten years. Data indicate somewhat lower natu
ral gas reserve replacement figures for 1 99 1  
and the possibility of significantly lower re
placement in 1 992. There is concern that con
sequent decline in excess deliverability could 
bring decreased supply reliability. Recent de
cisions in Oklahoma and Texas that modify his
torical prorationing procedures compound the 
concern. 

The NPC believes these events are pri
marily the result of economic signals transmit
ted by the combined influence of market de
mand , domestic recession ,  and better 
investment opportunity elsewhere. Therefore, 
they are correctable with time if market signals 
so dictate. 

There is evidence from the past that sup
ply will come forth as market signals dictate. 
Admittedly, past swings, both up and down, 
were exaggerated by regulatory distortions. 
Nevertheless, the industry's ability to respond 
was clearly demonstrated. The pace at which 
supply responded positively in the 1 970s to in
creased price incentives suggests supply re
sponse time can be rapid indeed! Figure 3- 1 9  
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compares drilling activity response during that 
period to the projected requirements under 
Reference Cases 1 and 2 .  Hopefully; with the 
ongoing transition to a market responsive 
rather than regulatory responsive business en
vironment, lead times for supply can be even 
shorter than in the past. 

Examination of resource potential and pro
ducer/service company capability suggest cur
rent economics for both oil and gas and cost ef
ficiency programs, not lack of gas prospects, 
are driving the current industry contraction. To 
the degree that greater efficiency is the result, 
ability to respond quickly to growth opportunity 
for gas will be enhanced rather than reduced. 
Additional evidence of "rebound" potential 
comes from a survey of recent R&D expendi
ture patterns for producers and service compa
nies. Expenditures directed at supply-side 
technology appear to be holding steady; and in 
some cases, increasing for the survey partici
pants. Furthermore, asset sales, and restructur
ing programs by many of the majors may have 
the appearance of overall domestic industry 
cutback but may in fact be primarily a shift to
ward a larger role for independents and other 
smaller producer companies. 
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Decli�e of Unused Deliverahility 
It is anticipated that deliverability utiliza

tion will increase over time as price deregula
tion eventually brings overall supply/demand 
into balance, and producers reinvest as needed 
to offset depletion and competitively meet 
overall demand growth. While extra deliver
ability has been available to help meet sea
sonal balancing needs, this will increasingly be · 
met by fuel switching, ' 'unbundled' ' gas stor-
age, and transportation flexibility. . 

An examination of the historical regula
tory actions that have contributed to the so
called "gas bubble" suggest that the excess 
deliverability it represents is more a carry
over of past market distortions than current 
market signals. While it is possible that opti
mistic perceptions of market strength could 
continue to perpetuate a ' 'surplus,' ' as appears 
to have been the case for the last few years, 
there is no assurance that it will since spot pur
chases, which currently dominate, provide no 
incentive for idle capacity. Presumably; over 
time individual firm and longer term supply 
arrangements (working in conjunction with 
storage and transportation arrangements) will 



evolve, instead, to ensure that gas supply relia
bility is maintained. 

Contract Diversity 

The foregoing discussion of modeling re
sults has centered on assessment of the view 
that supply can be maintained and that the 
business can "rebound" from today's low activ
ity levels. Regulatory reform and contract di
versity are essential elements in providing an 
appropriate business environment to ensure 
that it will. 

Changes over the last decade that 
brought collapse of the old long-term contract 
structure along with continuing uncertainty in 
the natural gas regulatory and legislative arena 
have dramatically changed contracting prac
tices. This has resulted in the emergence of a 
large spot market . While the spot market is 
likely to remain the preference for many partic
ipants, a continuing contract uneasiness pre
vents many other buyers and sellers from en
tering into medium- and long-term contracts. 
Although it would clearly be a mistake to try to 
return to the old highly regulated, rigid contract 
structure of the past, the uncertainty and insta
bility that prevail today must be overcome. 

The NPC believes it would promote 
growth of the free-market system to encourage 
the use of a wide variety of contract relation
ships between buyers and sellers. Individually 
negotiated, mutually beneficial contract rela
tionships between buyers and sellers will help 
stabilize the market , increase demand, and 
provide more security on an as needed basis. 
Modern risk management tools can be used in 
conjunction with modern, innovative contract
ing approaches to protect buyers from uncer
tainty; encourage timely supply additions, and 
reduce general price volatility. 

Both state and federal government policy 
and regulation can provide the right business 
environment so that such contracting practices 
will evolve as market signals and need dictate. 
Specifically, policy matters at the federal and 
state level should adopt principles that recog
nize the need for and merits of natural gas and 
the necessity to provide stable access to sup
ply. They need to adopt practices that reestab
lish confidence of buyer and seller alike in the 
sanctity of contracts by reducing the exposure 
to retroactive changes and unreasonable "pru-

dency" reviews. These subjects are dealt with 
in greater detail in Chapters Six and Ten. 

Import/Export Opportunities 

It is the view of the NPC that the gas mar
ket will operate most efficiently based on free
market principles. This principle applies do
mestically and it should apply to import/export 
gas as well . The existing U. S. /Canada free 
trade agreement is based on this principle. 

In the near term, international natural gas 
trade can serve to strengthen domestic pro
duction capabilities by establishing new mar
kets for gas sales. Although foreign gas sup
plies are expected to increase their market 
share in this country, natural gas export sales to 
Mexico, Japan, and Canada are also expected 
too. In the long term, additional competitively 
priced imports to the United States will add to 
the diversity of supply sources and the re
sources available to back U.S. demand growth. 

The United States and many of its trading 
partners have been making serious efforts to 
liberalize their trade policies. The NPC sup
ports continuation of this effort through such 
negotiations as the North American Free Trade 
Agreement (N.AFTA) and other undertakings. 
However, it also fmds that the NAFI'A results as 
reported out fell short of this objective for the 
natural gas sector, due to several exceptions 
retained by Mexico for the energy sector. 
Over time, further effort by the United States is 
appropriate in support of natural gas exports to 
Mexico commensurate with standing rights for 
Mexican gas to be imported into the United 
States. 

Much of the world's oil and gas business 
activity is U.S. based, historically rooted in do
mestic operations. Therefore, there is global 
value that can accrue to the U.S. economy in 
supporting competitive principles in the United 
States in exchange for equivalent undertakings 
by our trading partners. Reciprocal free trade 
efforts should seek competitively based, non
discriminatory operating and ownership rights 
in all phases o f  the natural gas business. 
Specifically, failure of U.S. negotiators to chal
lenge the Mexican constitutional limitations on 
oil and gas reserves development would work 
to the long-term disadvantage of increasing 
North American natural gas supply and con
sumption. 
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Fiscal Policy 

Taxes and other government imposts are 
important factors in shaping the economics of 
natural gas exploration, development, and pro
duction. While resource costs and realized 
prices are the prime determinants of natural 
gas supply economics, fiscal systems can be 
used to both increase and decrease the eco
nomic cost of supplying natural gas to the U.S. 
market. While it would not be appropriate to 
seek preferential treatment, a constructive natu
ral gas policy for the United States should in
corporate a fiscal component that minimizes 
disincentives to finding new gas sources, de
veloping new gas technologies, and fully ex
ploiting known gas resources. 

The U.S.-type tax system places a heavy 
tax burden on general savings and capital for
mation. In addition to generally applicable 
taxes such as income and property, natural gas 
incurs fiscal burden in the form of severance 
taxes, royalty, . lease bonus payments, etc. 

Of particular note is the alternative mini
mum tax (AMT) that acts as a disincentive 
against investment and contains several features 
that specifically penalize gas investments includ
ing ones made for environmental compliance. 

In the depressed price environment that 
has prevailed in recent years, many natural gas 
producers who are in a loss position with re
gard to the regular income tax have found 
themselves faced with substantial AMT liabili
ties because they have remained active in the 
natural gas business. 

One element of the U.S. tax policy that ap
plies specifically to natural gas comes under 
Section 29 of the Internal Revenue Code. This 
income tax credit applies to nonconventional · 
gas. Currently it is set at 53¢/MCF for tight gas 
and approximately 90¢/MCF for other types in
cluding coalbed methane . Especially for 
coalbed methane, and despite generally low 
gas prices, the Section 29 incentive has clearly 
worked to advance nonconventional technol
ogy and brought significant production into the 
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market. The current incentive, as applied to 
new drilling, expires at the end of 1 992. Oppo
sition to extension centers on concerns of mar
ket distortion and fairness of such a large credit 
compared to conventional gas, which has lim
ited price incentive and the inevitability that fu
ture conventional gas discoveries will generally 
be smaller or deeper and more expensive than 
in the past . Proponents of extension argue 
proven effectiveness as a stimulant to technol
ogy and the absence of entry barriers for in
dustry participants. 

Past Perceptions and the Need for 
Supply Education 

Both industry and government share re
sponsibility for the poor identity of natural gas. 
The NPC believes both must participate in an 
effort to correct public and consumer misun
derstanding of natural gas supply potential and 
to establish an identity for natural gas that 
stands on its own merits. 

This NPC study itself can serve as a tool in 
NPC participating member company, DOE, 
and possibly White House statements, and 
press releases and report distribution. 

While no substitute for regulatory reform 
and customer-oriented contracting practices, 
there are informational and educational steps 
for industry and government to consider. In
dustry should intensify its efforts to increase 
public/consumer understanding through joint 
industry sponsored education programs. The 
recently formed Natural Gas Council is an ex
ample of the approach that can be taken and 
utilized at the general public as well as the ma
jor consumer level. 

Additional steps the DOE should consider 
include a reexamination of its supply informa
tion base and distribution process to ensure that 
state commissions better understand supply dy
namics, including recognition of the lead time 
needed to translate demand signals into new 
supplies. For example, the DOE could sponsor 
a conference on energy data and forecasting. 



OVERVIEW 

Numerous studies confirm that natural gas 
is widely perceived as a valuable fuel with nu
merous applications and advantages. More
over, natural gas is an environmentally clean al
ternative to other fossil fuel sources. These 
factors can help natural gas to increase its 
share of the energy market but will not be suffi
cient in themselves to ensure this result.  The 
notion that gas will sell itself is unrealistic. All 
segments of the gas industry will have to work 
to retain existing customers as well as address 
and overcome obstacles to the addition of new 
customers. Among these obstacles are the 
perceptions of some, particularly electric gen
eration customers, that the gas industry is: un
reliable; potentially unable to meet its commit
ments; unresponsive to its customers' needs; 
and lacking the capability to market its product. 
Accordingly, the gas industry must demonstrate 
to end users that mechanisms exist for markets 
to manage price and supply volatility, and the 
delivered price of gas is and will be economi
cally competitive. A positive step in this direc
tion has been the recent formation of the Natu
ral G as Council , bringing together key 
segments of the gas industry with the avowed 
goal of increasing gas demand. 

Although certain obstacles to the growth 
of natural gas demand have been identified, 
these obstacles are manageable. Aggressive 
marketing efforts, cooperation, hard work, and 
excellent customer service are the keys to suc
cess. Focus group interviews identified the 

need for organizations within the gas industry 
to improve their marketing capabilities. Com
panies are responding to these concerns and 
are developing marketing organizations and af
filiates to identify and serve customer needs. 
Traditional sectors of industry; from producers 
to pipelines and local distribution companies, 
as well as new entrants such as aggregators 
and marketers, now have the potential to deal 
directly with the consumer. While competition 
within the industry is increasing and customers 
are benefiting, industry participants have been 
thrust into new competitive roles and the ad
justment is not yet complete. 

The adversarial nature of the regulatory 
process has detracted from the industry's abil
ity to market its product. Industry regulations 
continue to evolve , and until stabilized, will 
cause a measure of uncertainty in the market. 
FERC Orders 380 , 436 , 500 , 528, and the recent 
series of 636 orders have dramatically changed 
the gas industry. 

Conservation and improved energy effi
ciency are being stimulated by state Demand 
Side Management and Integrated Resource 
Planning (IRP) requirements, environmental 
regulations, and appliance efficiency standards. 
While these programs will curtail the rate of 
growth in overall energy demand, they will im
prove the value being provided to the cus
tomer and will potentially augment the compet
itive position of gas applications. 

The markets for natural gas are highly 
diverse ,  ranging from individual residential 
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customers whose consumption can be as low 
as 30 thousand cubic feet (MCF) per year to 
large industrial facilities and power generation 
installations consuming in excess of 50 billion 
cubic feet (BCF) per year. The NPC Reference 
Cases provide a numeric framework from 
which to discuss the growth potential of the four 
traditional consuming sectors. For the two sce
narios developed for the study; Figures 4- 1 and 
4-2 display the model results for the distribu
tion of the various energy sources contributing 
to primary energy consumption in the markets 
consuming natural gas. Table 4- 1 contains a 
breakdown of the calculated gas consumption 
by market sector. In Reference Case 1 ,  gas 
consumption grows in both absolute and rela
tive terms, although coal is projected to grow at 
a faster rate than gas in the second decade due 
to the increasing price of gas relative to coal. 
Gas's market share remains essentially con
stant in Reference Case 2 ,  due to slower de
mand growth in the industrial sector. Slower in
dustrial sector demand growth results from 
assumptions of more aggressive conservation 
measures in Case 2. In both Cases, increased 
consumption of natural gas is the major reason 
that residual and distillate fuels , which are 
largely imported, do not grow. It should be 
noted that these cases do not constitute an NPC 
forecast of future gas demand. 

CONSUMING SECTOR 
OPPORTUNITIES 

Residential and Commercial 

The residential and commercial markets 
form the traditional core and backbone of the 
natUral gas industry. Natural gas is used in 55 
percent of single-family dwellings nationwide. 
In 1 990 , the residential customer class con
sumed approximately 4 .5  quadrillion British 
thermal units (QBTU) of natural gas, while the 
commercial class consumed 2 . 7  QBTU. Of 
these deliveries only 5 percent are estimated to 
have been delivered on a less than firm basis. 

The capital intensive nature of local distri
bution companies (LDCs) coupled with the 
obligation to serve their core firm-sales cus
tomers explains the price differential between 
the spot price of gas and the delivered flrm 
sales price. Its notable that flrm sales cus
tomers are and have been provided totally reli
able gas service at competitive prices. 

Residential 

Major forecasts (American Gas Associa
tion, Energy Information Administration, Gas 
Research Institute) project the total number of 
residential gas-consuming customers to con
tinue to increase beyond the year 20 1 0. This 

TABLE 4·1 
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LOWER-48 NATURAL GAS CONSUMPTION 
(Quadrillion BTU per Year) 

Reference Reference 
Case 1 Case 2 

End-Use Sectors 1990 201 0 201 0 

Residential 4.5 4.9 4.7 
Commercial 2.7 3.5 3.1 
Industrial 7.0 8.9 6.1 
Electric Utility 2.9 5.4 4.9 

Total End Use 1 7.1 22.7 1 8.8 

+ Lease/Plant Fuel 1 . 1 1 .3 1 . 1 
+ Transmission Fuel 0.6 0.9 0.7 
+ Exports/Misc. 0.2 0.2 0.7 

Total Consumption 1 9.0 25.0 21 .3 

Note: Totals may not agree due to rounding. 
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increase will result from the extension of gas 
service to new areas, the aggressive marketing 
of new technologies, as well as the increasing 
market saturation in the traditional residential 
applications of space heating, cooking, water 
heating, and clothes drying. These same fore
casts and the NPC Reference Cases project 
residential consumption to range anywhere 
from current levels to almost 5.0 QBTU by 2010 .  

The per-customer annual consumption is 
projected to continue to decline due to im
proved equipment efficiency and conservation. 
This trend may possibly accelerate in response 
to economic conditions and/or regulatory ini
tiatives. On the other hand, the potential exists 
to partially offset this decline through the ag
gressive marketing of supplemental gas appli
ances to existing and new customers.  Ad
vances in electric heat pump technology and 
its promotion will test the gas industry's mar
keting abilities in its core space-heating mar
ket , particularly among new residential con
struction , and highlights the need for the 
commercialization of advanced technologies, 
such as the gas heat pump, in order to remain 
competitive. 

Change in residential gas consumption is 
primarily driven by: ( 1 )  effect of energy effi
ciency; (2) residential rate design and deliv
ered prices; (3) the level of new home con
struction; ( 4) competition; (5) new technologies; 
(6) possible fuel substitution in equipment re
placement markets; and (7) the success of mar
keting activities. 

Commercial 

The commercial segment in 1 990 con
sumed approximately 2. 7 QBTU of natural gas, 
and traditional commercial constunption is pro
jected to grow slightly above the current level 
through the year 20 1 0. Commercial demand 
for natural gas is primarily driven by: ( 1 )  com
mercial floor space;  (2) conservation trends 
and IRP; (3) technologies; (4) competition; and 
(5) the delivered price of natural gas. 

Retention of current business is critical to 
future demand levels in the commercial sector. 
Growth opportunities lie in packaged cogener
ation and in advanced gas cooling technology. 
The industry faces a major challenge in pene
trating the high-rise office/apartment market. 

100 

Competition from the electric industry, 
conservation, federally mandated efficiency 
improvements, and IRP programs will limit en
ergy growth in the commercial sector. The gas 
industry, particularly LDCs, will have to work 
very diligently to maintain their share of the 
commercial market. 

The following recommendations are made 
with respect to the residential and commercial 
sectors: 

• The industry as a whole needs to focus its 
marketing efforts not only on traditional 
applications, such as space heating and 
water heating, but also on new applica
tions, such as commercial gas cooling and 
packaged cogeneration systems. The in
dustry should also work aggressively to 
expand the use of natural gas for trans
portation, e.g. , commercial fleets and at
home refueling facilities for natural gas ve
hicles. 

• The industry must lower the overall cost of 
natural gas to the customer by improving 
the cost-effectiveness of providing gas 
services, as well as encourage the devel
opment and use of efficient technologies, 
conservation measures, and fuel substitu
tion programs within the context of IRP 
proceedings. 

• The industry must increase its levels of 
technical expertise in the marketing and 
servicing of its products. 

• LDCs must develop appropriate line ex
tension programs to penetrate profitable 
conversion markets and compete more 
aggressively in the new construction mar
ket. Marketing programs, such as equip
ment financing, also need to be explored. 
Regulators should encourage and support 
reasonably structured line extension and 
marketing programs. 

Industrial 

The industrial market represents a signifi
cant opportunity for gain or loss by the gas in
dustry. The NPC Reference Cases show a po
tential consumption of between 6 . 1 and 8 . 9  
QBTU by the ye ar  20 1 0. For 1 990, the Energy 
Information Administration reported industrial 
energy consumption of 29 .8 QBTU of which nat
ural gas represented 7 .0 QBTU or 23.5 percent. 



Since 1 960, industrial energy consumption has 
grown from approximately 20 QBTU to the 1 990 
level of 29.8 QBTU, or approximately 1 .3 per
cent compounded annually. 

Industrial gas demand is primarily driven 
by: ( 1 )  the degree to which the U.S. economy 
converts from energy intensive manufacturing 
industries to service industries; (2) changes in 
the energy intensity of these industries ;  (3) 
general economic growth ; (4) conserva
tion/efficiency trends; (5) impact of new tech
nologies; (6) relative delivered fuel prices; (7) 
the success of the gas industry's marketing ef
forts; and (8) regulatory constraints. 

The industrial market sector has under
gone a major restructuring during the last 
decade as a world market has emerged where 
quality and productivity have become domi
nant considerations in business decision mak
ing along with the continuing need to control 
costs and improve operational efficiency. Al
though manufacturers are still heavily moti
vated by return on investment in making capital 
decisions related to energy process choices, 
the increasing need to meet world class quality 
standards and address environmental concerns 
will make the energy decision making process 
more complex in the future. Industry will adopt 
energy efficient, productive, and cost-effective 
manufacturing processes that will enable them 
to compete effectively in a world market where 
product quality and customer satisfaction will 
determine success. To the extent natural gas 
and related equipment meet these criteria, fu
ture growth in demand should be achieved. 

Today's industrial energy marketplace is 
the most competitive sector served by the gas 
industry: Decision makers in the industrial seg
ment are sophisticated energy and process 
equipment buyers having a wide range of alter
natives from which to select. At the industrial 
end-user level, the gas industry faces increasing 
competition for the industrial process market 
where gas has been traditionally the preferred 
option. Electric technologies, championed by 
the electric industry, threaten to displace natural 
gas. Supporting the adoption and use of high 
efficiency gas equipment is the approach that 
the gas industry needs to take to counter this 
threat. 

While competition by other energy 
sources is formidable, opportunities exist to 

expand the consumption of natural gas in the 
industrial market sector. The Clean Air Act 
Amendments of 1 990 provides an opportunity 
for the industrial sector to take advantage of al
lowance trading. Emission control, waste recy
cling and remediation, as well as conversion of 
coal boilers to natural gas or co-firing are in
stances where industrial facilities may create 
valuable emission allowances for trading. The 
value and incentive to encourage the creation 
of credits will vary by industry and region but 
may provide an incentive for gas penetration 
into markets where gas is less than fully uti
lized. 

Significant opportunities are also pre
sented by the potential for gas-fired cogenera
tion systems to meet electric generation re
quirements, while providing steam process 
heat as part of an overall efficient system. Se
curing "steam hosts" will aid in developing this 
opportunity: 

Other niche market opportunities within 
the industrial sector that can be realized by 
substituting natural gas processes for electric 
energy requirements are: ( 1 )  gas engine drive 
for air compressors and process chilling; (2) 
gas rapid heating technology for preheating 
parts prior to induction heating; (3) new tech
nologies such as the gas vacuum furnace to 
compete head to head against electric units in 
areas where they hold large market shares; and 
(4) displacing coke in existing steel blast fur
naces. 

The opportunities and risks for the gas in
dustry are more apparent in the industrial mar
ket than in the other major sectors. The combi
nation of gas industry m arketing ability 
interlinked with new end-user technology is 
the key to maintaining the gas option in the in
dustrial market. 

In the industrial market , it is recom
mended that the gas industry: 

• Aggressively pursue opportunities to con
vert industrial facilities to natural gas by 
demonstrating the capability of gas pro
cesses to provide environmental, operat
ing, quality, and productivity benefits in 
comparison to the customer's existing 
coal, electric, or fuel oil. 

• Provide added value to the customer by 
providing information on the most efficient 
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use of the product, through education on 
newly emerging gas technologies, and by 
assistance in obtaining necessary govern
mental permits. 

• Leverage its resources by encouraging in
creasing participation in gas industry ini
tiatives, such as the Industrial Gas 'Tech
nology Commercialization Center. 

Electric Generation 

The potential for increased consumption 
of natural gas for electric generation is attract
ing considerable attention in the natural gas 
and electric industries, and among government 
officials, including regulators. Several factors 
contribute to this attention: 

• Electric usage accounts for a large and 
growing share of the U.S. energy demand. 

• Natural gas has important environmental 
advantages over competing fuels in the 
electric generation market. 

• Advanced gas-fired generating units, par
ticularly combined-cycle units, have high 
efficiency; low capital and non-fuel operat
ing costs, and can be constructed more 
quickly and in relatively small economi
cally sized units. 

Over the past 20 years, natural gas's share 
of the electric power generation market shrank 
from 2 1 .5 percent to 9 .4 percent. This decline 
was largely due to: 

• High gas prices in the late 1 97 0s and 
early 1 980s, and a belief in the 1 970s that 
the nation was running out of natural gas, 
which prompted the passage of the Power 
Plant and Industrial Fuel Use Act. That 
Act, now largely repealed, restricted the 
use of natural gas. 

• The construction and completion of large, 
baseload coal and nuclear units in the late 
1 970s and early 1 980s. Coal's share of the 
generation market increased from 44. 1 
percent to 54. 9  percent over the last 20 
years and nuclear rose from 3. 1 percent to 
2 1 .7 percent. 

The potential for natural gas to have an in
creased role in the electric generation sector 
varies widely among sites (due, for instance, to 
the distance from a pipeline), applications, and 
companies. Positive influences toward increas-
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ing the demand for natural gas in the electric 
generation market include: Clean Air Act 
Amendments; substantial repeal of the Power 
Plant and Industrial Fuel Use Act; competitive 
gas prices; growing public opposition to coal
fired generation; environmental externalities fa
voring gas over alternative fuels; declining ex
pectations for nuclear generation; concern 
over dependence upon imported oil; growing 
confidence in the adequacy of long-term gas 
supplies; and regulatory modifications to in
crease competition among companies in the 
gas industry. 

NPC Reference Cases 1 and ·2 suggest an
nual gas consumption for electric generation 
could increase to between 5 .4  TCF and 4 . 9  
TCF, respectively; by the year 201 0. These in
creases are predicated on the assumption that 
the natural gas industry will be allowed to com
pete for the electric utility market on an equal 
basis with other generation options. A further 
key assumption behind any projection of gas 
penetration in the electric market is the annual 
electricity demand growth rate. If slower than 
assumed economic growth persists or electric 
demand side management activities acceler
ate, then the annual growth rate for electricity 
demand will likely fall below the 1 .3 percent as
sumed in Reference Case 2 ,  - and increases in 
the demand for natural gas may consequently 
not materialize. Conversely, a more vigorous 
economic growth assumption can increase de
mand for electricity; and thus enhance the role 
of gas. 

Opportunities for increasing the use of 
natural gas in electric generation include: 

• Restarting existing gas-fired units or using 
gas-fired generating units at higher load 
factors 

• Adding gas-burning capabilities in exist
ing coal- and oil-frred units to gain fuel 
flexibility and/or meet environmental re. 
quirements 

• Repowering existing generating facilities 
currently using oil or coal 

• New gas-fired baseload, intermediate, or 
peaking units, built by traditional utilities 
or Independent Power Producers 

• Commercial and industrial cogeneration 
and self-generation 



• Repowering uncompleted or retired nu
clear generating units. 

Although significant opportunities exist for 
increasing the use of natural gas for electric 
generation, important challenges remain, in
cluding: 

• Stiff competition from other energy 
sources, with wide variation among sites, 
applications, companies, distances from 
pipelines, and regions 

• The need to understand factors affecting 
electric generators' fuel choices and to 
understand and respond to electric gener
ators' concerns, needs, perceptions and 
expectations; in particular: 

- The need to satisfy potential customers 
that the delivered cost of natural gas, in
cluding the cost of gas transportation, 
will continue to be competitive with 
other energy sources and with potential 
demand-side measures 

- The need to satisfy potential natural gas 
customers that supplies will be avail
able when needed and in the volumes 
and at the pressures required to meet 
variability in electric generation. 

To deal with these challenges, it is recom
mended that the gas industry: 

• Enhance its capability to analyze potential 
electric generation markets and take ap
propriate action to ensure that the people 
responsible for marketing gas supply, 
transportation, storage, or other services 
to electric generation customers under
stand clearly the factors affecting fuel 
choices , the economics of alternatives 
available to the customer and the cus
tomer's decision-making process. 

• Recognize and address the perceptions 
and concerns of potential electric genera
tion customers, particularly with respect to 
ensuring reliability of future gas supplies, 
dependable delivery of the supplies to 
customer's premises, and competitiveness 
of delivered gas prices with other alterna
tives. 

• Work with individual electric generation 
customers to shape the terms and condi
tions of gas supply, transportation, and 

storage contracts to meet the particular 
needs of the customer. 

• Increase its communications with the elec
tric generation industry at all levels and 
find ways to work more cooperatively for 
the benefit of gas and electric customers. 

Natural Gas Vehicles 
There are an estimated thirty million fleet 

vehicles in the United States and over one-third 
of these are located in ozone non-attainment 
areas as defined by the Clean Air Act Amend
ments. U.S. fleet vehicles consume an equiva
lent of 2 TCF per year of liquid fuels. An in
crease in the number of dedicated natural gas 
vehicles (NGVs) will be necessary for gas to 
reach its full potential in the fleet market. 

Natural gas is an environmentally and eco
nomically appealing fuel for urban fleet usage. 
Natural gas is the cleanest alternative fuel for 
internal combustion engines (vs . , e . g. , 
methanol, alcohol, and blends) , generating 99 
percent less carbon monoxide than gasoline. 

In order for NGVs to penetrate the private 
vehicle market , several obstacles will have to 
be overcome . The American consumer will 
demand the same dependability, convenience, 
and flexibility as that afforded by gasoline pow
ered vehicles. The fact that most natural gas 
vehicles currently in use are limited to a range 
of 100 to 200 miles suggests the advisability of 
increasing the number of accessible refueling 
facilities and/or increasing the range of the ve
hicles. The infrastructure to support NGVs is 
lacking. Currently; there are 530 private refuel
ing stations located in the continental 48 states 
and less than 200 of these offer compressed 
natural gas (CNG) to the general public. This 
situation stems from the old "chicken and egg" 
problem, i.e . ,  which comes fli'St, the vehicles or 
the infrastructure? The industry needs to work 
with vehicle manufacturers and CNG suppliers 
to expand the infrastructure and the vehicle 
penetration. 

Nat ural gas vehicles are currently ex
empted from road-use taxes.  The industry 
needs to work with state  governments to 
maintain equitable road-use tax treatment for 
all alternative-fueled vehicles. 

For the purposes of the Reference Cases 
for this study; a modest penetration by the year 
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20 1 0  was assumed. This results in a consump
tion rate of 1 40 BCF. A high penetration sensi
tivity case was run. that projected fleet con
sumption to grow to 540 BCF in the year 201 0  
and the private passenger car market to grow 
to 1 00 BCF per year. 

In the area of NGVs, it is recommended 
that the gas industry: 

• Work together with the auto manufacturers 
to ensure that future NGVs provide the 
same dependability; convenience, flexibil
ity; and range as gasoline vehicles. 

• Provide adequate and accessible refuel
ing facilities to the public where economi
cally feasible. 

• Become a leader in the use ofNGVs in or
der to demonstrate the advantages of nat
ural gas as a transportation fuel. 

TECHNOLOGY 

Effective natural gas research, develop
ment, and demonstration (RD&D) and commer
cialization are crucial to increasing the impact 
of new technologies . . This study has concluded 
that the current collective natural gas RD&D ac
tivities are inadequate and commercialization is 
the weakest element: In order to improve its 
ability to commercialize new technologies, the 
gas industry needs to: ( 1 )  recognize the role of 
RD&D and provide adequate support; (2) be
come more market driven; (3) identify and sat
isfy the needs of the customers; and (4) con
vince regulatory agencies to support natural 
gas RD&D. · 

The technologies related to natural gas 
distribution and end use continue to evolve. 
However, efforts already underway are not suf
ficient for natural gas to reach its full potential in 
the nation's energy mix. Current research and 
development programs are inadequate. Even 
more serious is the history of feeble efforts at 
commercialization of successful RD&D results. 
Finally. there is simply insufficient funding of 
gas RD&D for major progress to be made in 
the frontier technologies. The major new mar
kets for natural gas being explored are NGVs, 
commercial cooling, residential heat pumps, 
improved power generation, fuel cells, and se
lected commercial and industrial applications. 
Each of these applications may offer environ
mental benefits and generally tend to increase 
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overall gas load factors .  However, the high 
costs of developing, evaluating, and demon
strating these technologies are not met by cur
rent funding levels. 

As discussed in Chapter Eight , 1 992 in
vestment in natural gas technologies is esti
mated to total $750 million. Of this amount, 
approximately $320 million (excluding De
partment of Defense expenditures) is dedi
cated to end-use and distribution technolo
gies (with 92 percent of the total allocated to 
end uses) . The sources of the funds are: dis
tribution companies ( 1 4  percent) , equipment 
manufacturers (3 1 percent) , Gas Research In
stitute (30 percent) , Department of Energy (25 
percent) , and other (1 percent) . RD&D efforts 
need to be significantly increased through ad
ditional funding. 

In the area of technology, it is recom
mended that the gas industry: 

• Pursue federal government funding for a 
sustainable natural gas research, develop
ment , and demonstration program at a 
level of about $250 million per year to 
achieve the technology advancement nec
essary to allow natural gas to expend its 
contribution to the national energy mix. 
This level of funding is consistent with the 
supporting documentation of the recent 
National Energy Strategy and several re
cent studies, including those by the Wash
ington Policy Analysis Group and the 
American Gas Association. 

• Utilize natural gas for its own 'facilities, 
wherever economical, in order to demon
strate the benefits of natural gas to poten
tial customers. 

• Wrn regulatory support in the form of re
covery through I.DC rates for reasonable 
RD&D and commercialization expenses. 

OVERALL DEMAND AND DISTRI
BUTION RECOMMENDATIONS 

An increased contribution of natural gas to 
the nation's energy supply can be accom
plished by focusing efforts on the industrial, 
electric generation, and frontier technology 
markets, while at the same time improving ser
vices to the traditional core market , the resi
dential and commercial customer classes. 



In order to accomplish this, it is recom
mended that the gas industry: 

• Identify individual customer needs, deter
mine opportunities and risks, and develop 
the products and services to meet the 
customer 's needs and maximize the 
provider's opportunities. 

• Convince regulators to eliminate cross
subsidies between customer classes ,  
where it exists ,  so that each customer 
class pays the appropriate cost of service. 

• Promote the use of efficient gas technol
ogy by all of its customers to lower overall 
energy bills and thus make gas more 
competitive. 

• Select people with appropriate marketing 
skills and b ackground who are well 

equipped to fashion strategies to meet the 
needs of particular customers. 

• Improve the marketing capability of its 
people within each sector by providing 
additional technical and sales training. 

• Move from a regulatory-oriented ap
proach to a customer-oriented vision by 
focusing on excellent service to all cus
tomers. 

• Convince regulators to allow LDCs to re
cover through rates those prudently in
curred marketing expenses that lead to 
additional throughput. 

• Find a way for the various segments of the 
industry to speak with one voice on issues 
of common interest . 
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TRANSMISSI 

OVERVIEW 

The U.S. interstate natural gas transmission 
industry is currently in the midst of the most 
significant business restructuring of its history. 
Historically, this has been a highly regulated 
business with the goal of obtaining supplies of 
natural gas and providing those supplies on 
demand primarily to local distribution compa
nies, which extended the service to residential, 
commercial, industrial, and electric generation 
end users. Over the last few years, interstate 
natural gas transmission companies have been 
increasingly changing their roles as buyers and 
sellers of natural gas to that of open-access 
transporters of natural gas. The final steps to
ward open access, market-driven competition, 
and light-handed regulation are now on the 
horizon. It is within this transitional environ
ment that the findings and recommendations of 
this portion of the NPC study are offered in or
der to realize the potential of the transmission 
and storage system, as described below: 

The natural gas transmission and storage 
system is the critical link between supply and 

E SYSTEM 

demand. Therefore, this study of the potential 
for natural gas to make a larger contribution 
to the nation's energy needs and environmen
tal goals included the following objectives for 
the analysis of the transmission and storage 
system: 

Review of this analysis provided the following 
key findings: 

• The existing U.S. transmission and storage 
system is a valuable asset that plays an in
tegral role in the U.S. energy industry: 

• The existing system can support a grow
ing U.S. natural gas market. 

• There will be a need for construction of 
new facilities to adapt to changing supply 
and market patterns; the estimated cost of 
this construction is in line with past expe
rience and should not be a major con
straint to future industry growth. 

• The natural gas transmission and storage 
system has-and continues to improve
the ability to provide economic, efficient, 
and reliable service responsive to cus
tomer needs. 
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• The natural gas transmission and storage 
system needs to further improve its ability 
to provide economic, efficient , and reli
able service responsive to customer 
needs. 

In light of these findings, the National Petroleum 
Council developed the overall recommenda
tion that participants involved in the natural 
gas industry take specific actions to improve 
the transmission and storage system's ability 
to provide economic, efficient. and reliable 
natural gas service responsive to customer 
needs. The five parts to this overall recom
mendation are: 

• Industry and regulators should support ef
forts to provide new, innovative market-re
sponsive services and rate structures to 
respond to customer needs. 

• The industry must improve its ability to 
construct new facilities, as required, on a 
timely basis. 

• The industry should expand its efforts 
with customers to identify and address 
specific reliability concerns. 

• Industry and regulators should support ef
forts to increase customer choices by in-
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creasing access to capacity at both the 
state and federal levels. 

• Industry and regulators should make it 
easier for customers to buy and transport 
gas by supporting efforts to  develop 
guidelines for operating procedures. 

FINDINGS 

From 1 930 to 1 972 ,  natural gas consump
tion in the United States grew at an annual rate 
of 6 percent, peaking at 22 . 1  trillion cubic feet 
(TCF) in 1 972 .  After declining to 1 6 .2 TCF in 
1 986, consumption has steadily recovered and 
has increased to 1 9 .2 TCF in 1 99 1  (Figure 5- 1) .  
In contrast to natural gas consumption before 
1 986, the transmission and storage system con
tinued to expand and today there are about 
280,000 miles of gas transmission pipeline and 
approximately 8 TCF of storage capacity (Fig
ures 5-2 and 5-3) . The cumulative investment 
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Figure 5- 1 .  Total Natural Gas Consumption-1930- 1 99 1 .  
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in major interstate pipeline systems exceeds 
$50 billion as of the end of 1 99 1 . 

The existing natural gas transmission and 
storage system is capable of meeting more than 
its current firm requirements on an annual and 
peak-day basis. The NPC estimates that the na
tion's transmission and storage system had a 
1 99 1  annual capability of 24 TCF and a peak
day capacity of approximately 1 20 billion cubic 
feet per day (BCF/D) (Figures 5-4 and 5-5) . 
This additional capability above 1 99 1  annual 
consumption of 1 9 .2  TCF and estimated firm 
peak-day demand of 1 02 BCF/D allows for use 
of this capacity by non-firm customers on peak 
days, provides redundancy; adds reliability, and 
enables the system to support a growing U.S. 
gas market. 

The markel for natural gas is projected to 
grow substantially over the next 20 years. Un
der the two Reference Cases analyzed by the 
NPC for this study; natural gas consumption in 
20 1 0 will range from 2 1  to 24 TCF, as com
pared to the 1 99 1  level of 1 9 .2 TCF. Critical as
pects of this growth for the development of the 
transmission and storage system relate to the 
location of the growing market areas and sup
ply sources and the type of service required by 
the consumers. These factors influence the 
balance between additional pipeline capacity, 
development of underground storage , and 
peak-shaving facilities. The principal require
ment of the transmission system is to meet the 
peak-day demand of its customers who have 
contracts for firm service. To meet this require
ment, the industry developed facilities that are 
a combination of transmission lines to bring the 

1 1 0 

gas to the market areas and of storage closer to 
market areas to meet surges in demand. 

Utilizing the two NPC Reference Cases, 
the expansion of facilities needed to meet the 
demand and supply particular to the assump
tions for the Cases was evaluated and the 
capital costs associated with the expansions 
were estimated. To establish the base capac
ity of the U.S. transmission and storage sys
tem, the current capacity o f  37  interstate 
pipelines was examined using 1 989 as a base 
year. The study reviewed the capacity of 
each of these pipelines as they crossed the 
boundaries of ten demand regions as defined 
in the study. These data were initially com
piled from Federal Energy Regulatory Com
mission (FERC) records and then reviewed 
for confirmation by the member companies 
of the Interstate Natural Gas Association of 
America (INGAA). Similarly; storage data for 
each of the ten regions was initially compiled 
from FERC and American Gas Association 
storage data and subsequently reviewed and 
confirmed by INGAA member companies 
and other storage operators. 

Computer models were utilized to analyze 
the system's ability to move natural gas sup
plies to market. To assess the requirements for 
future facilities, a model included in the Na
tional Petroleum Council's 1 98 9  study, 
Petroleum Storage & Transportation, was modi
fied to meet the current NPC study's objectives. 
This model was operated by personnel of the 
Energy Information Administration of the De
partment of Energy. The model used as inputs 
the regional supply and demand values for Ref
erence Cases 1 and 2 .  The model then used 
this data to generate peak-month and peak-day 
profiles for supply and demand and deter
mined the facilities necessary to service firm 
loads. 

The Peak-Day Model was run for every 
fifth year of the National Petroleum Council 
study's 20-year span. The key results of these 
capacity analyses are: 

• Natural gas consumption on the peak day 
is expected to increase significantly; rang
ing from 8 to 23 percent over 1 99 1  levels 
by 20 1 0  due to an increase in firm load re
quirements, including growth in the elec
tric generation markets. 
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• A significant shift in regional supply and 
consumption patterns will affect future 
transmission and load balancing require
ments by 20 1 0  due to a decline in produc
tion from the Southwest Central region 
and the increasing supplies from new sup
ply sources (such as the North Central re
gion and Canada) . 

• Additional transmission and storage capa
bility will be required in the post-2000 pe
riod to move gas from the North Central 
region and from Canada to neighboring 
regions and to move gas into the North
east and Pacific regions. 

'Ib estimate the required future capital in
vestment in the two NPC Reference Cases, unit 
costs for expansions were establi�hed by 
studying PERC and Canadian National Energy 
Board certificate filings. Unit costs were estab
lished for incremental pipeline systems and ex
isting pipeline expailsions, and construction of 
storage and peak-shaving facilities. Below are 
the estimated U.S. capital expenditure require
ments in 1 99 1 $  through 201 0 for the two Cases: 

Reference Case 1 $ 1 6  billion 

Reference Case 2 $6 billion 

Based on Reference Case 1 ,  the above capital 
investments result in an estimated U.S. capabil
ity to transport natural gas as follows: 

1 1 2 

1 995 

2000 

2005 

201 0 

" 1 995 

2000 

2005 

201 0 

Peak Day (BCF/D) 

Firm 
Capability Requirements 

1 26 

1 29 

1 31 

1 37 

1 1 4 

1 1 8 

1 22 

1 26 

Annual (TCF/Year) 
Total 

Capability. Demand 

26 

27 

28 

30 

21  

22 
24 

24 

As previously stated for the existing system, the 
projected additional peak-day and annual ca
pability would allow use of this capability by 
non-firm customers on peak days, provide re
dundancy; and add reliability. 

The capital expenditures would range be
tween approximately $0.3 and $0.9 billion per 
year if expended evenly over the 1 992-20 1 0  
period. A survey of pipeline companies was 
also conducted to estimate future maintenance 
and replacement expenditures. This survey re
sulted in an estimate of approximately $ 1 .7 bil
lion per year. Therefore, the total annual aver
age industry expenditure is estimated to be 
$2.0-2 .6 billion per year. These expenditures 
are within the average total industry expendi
tures from 1 970 to 1 990 of $2.4 billion per year 
(1 99 1 $) and should not be a major constraint to 
future industry growth. 

The nation's transmission and storage sys
tem is constantly being upgraded and ex
panded to meet changing supply and demand 
requirements .  Recent projects have been 
placed in service and others are proposed that 
allow greater access to supply areas and sup
port increasing natural gas consumption. In 
addition, there are a number of projects re
cently approved by the PERC, or pending 
PERC approval, which provide significant new 
capacity. If approved and constructed, these 
projects would provide nearly 6 .8 BCF/D in ad
ditional capacity to serve growing markets in 
the Northeast, New York, New Jersey; the West
ern U.S. , and the Southeastern U.S. Also, about 
1 .4 BCF/D will be used to export gas to Mex
ico. The New York/New Jersey region will also 
see a significant increase in capacity; princi
pally from Canada. There are also a nwnber of 
storage projects being planned. Altogether, 
these projects would add an additional 99 BCF 
in winter season supplies and over 2 .6 BCF/D 
in peak-day deliverability. 



Operation of today's pipeline system has 
been significantly modernized over the last few 
years through utilization of remote terminal units, 
microwave communication, and computerized 
control systems. The industry primarily con
ducts its research and development (R&D) 
through the Gas Research Institute (GRI) , the 
American Gas Association, and manufacturers. 
While selected gas industry research and devel
opment projects target cost reductions in new 
construction, most of the gas transmission indus
try's effort is directed at the following objectives: 

• Reducing transportation costs 

• Assuring deliverability of natural gas to 
customers 

• Enhancing transport system reliability 

• Maintaining the integrity of the gas trans
port system 

• Reducing compressor station emissions 
and minimizing the cost of compliance 

• Operating and maintaining the gas trans
port system, and constructing new facili
ties in a safe and environmentally desir
able manner. 

Specific R&D thrusts are in the areas of pipeline 
prime .mover emissions reduction and com
pressor station efficiency improvement , au
tomation systems, transport measurement tech
nology, transmission piping systems, sensors 
and controls, and storage technology: This in
cludes basic research in areas such as funda
mental pipeline materials, gas flow fluid me
chanics, and combustion chemistry. The gas 
transmission industry has also, through GRI, 
begun operation of a metering research facility; 
and a non-destructive evaluation research facil
ity is under construction. 

Pipelines are typically located in under
ground right-of-ways, inherently posing mini
mal threat to the environment . Heightened 
awareness and growing sophistication on the 
part of pipeline companies and federal, state, 
and local regulatory officials, as well as im
proved construction practices and technology, 
have minimized the potential for, and the inci
dence of, environmental harm. In addition, the 
Clean Air Act Amendment of 1 990 has tight re
strictions on the emissions of critical pollutants 
and "greenhouse" related gases,  which will 
significantly affect the expansion and operation 

of natural gas transmission systems, particu
larly at compressor stations. 

Perhaps the most publicized and most 
evolutionary improvement in the natural gas 
transmission system's ability to provide eco
nomic, efficient , and reliable service respon
sive to customer needs is the system's contin
ued transit ion t oward a more open and 
competitive environment. Beginning in 1 978, 
with the Natural Gas Policy Act, which began a 
program of phased deregulation of natural gas 
wellhead sales, the natural gas industry has 
been undergoing a fundamental shift in regula
tion and structure toward a reliance on compet
itive markets. In 1 985 , the FERC issued Order 
436 , a voluntary open-access transportation 
program. Pipelines participating in the pro
gram were authorized to provide transportation 
services on a non-discriminatory basis, with 
significantly fewer regulatory restrictions than in 
the past. Local distribution companies were al
lowed to reduce purchases of natural gas from 
the pipeline and to arrange for direct purchases 
from alternate suppliers . By 1 992 ,  over 90 
pipelines were participating in the open-access 
program, and nearly 80 percent of all natural 
gas moved in interstate commerce is shipper
owned (with the remaining 20 percent being 
traditional pipeline sales volumes) . 

In response to concerns that open-access 
transportation under Order 436 was not com
parable in quality to interstate pipeline natural 
gas sales services, the FERC issued Order 636 
on April 8, 1 992.  FERC Order 636 mandates 
the almost complete unbundling of pipeline 
gas sales from transportation services by the 
1 993-94 winter heating season. Pipeline com
panies are required to restructure their con
tractual relationships with existing firm sales 
customers and to offer firm no-notice trans
portation service in place of firm citygate sales. 
This order, which applie s  to  interst ate 
pipelines, requires pipelines to offer storage, 
gathering, transportation, and sales on a sepa
rate unbundled basis and removes regulatory 
price controls from the pipelines' sales of natu
ral gas. The order includes a capacity release 
program intended to foster a secondary mar
ket for pipeline capacity. Order 636 does not 
deregulate natural gas services or rates, but in
stead uses a light-handed regulatory approach 
that relies more on competition, arms-length 
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negotiated contracts, and prohibitions of undue 
discrimination. 

The need to improve natural gas service 
stems from concerns expressed by focus 
group participants and participants in this NPC 
study. Focus group discussions were con
ducted as part of this study with key groups 
that comprise the industry, including regula
tors, customers, and suppliers. Some of the 
concerns and perceptions expressed by the fo-
cus group participants were: 

· 
• Service reliability as a result of historical 

interruptions and curtailments 

• Financial health of the interstate pipeline 
industry limiting its ability to finance new 
facilities 

• Changing and complex procedures for 
obtaining pipeline services 

• Uncertain and changing federal or state 
regulation 

• Industry inefficiencies due to fragmenta
tion and cost-based regulation 

• Industry and regulators show little interest 
or respect for the needs of customers. 
Participants in the NPC study have cited 

several additional concerns of the transmission 
and storage system in achieving its potential, 
including: 

• Ineffective communication of service qual
ity and service expectations 

• Lack of incentives to provide new ser
vices, maximize efficiency, and invest in 
technology 

• Impact of Order 636 implementation on 
the ability to serve new loads, especially 
electric generation 

• Uncertainty ofrates charged for gathering 
services resulting from the unbundling of 
rolled-in regulated interstate gathering fa
cilities. 
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The need to improve the transmission and 
storage system's ability to provide economic, 
efficient, and reliable service is an extremely 
serious need for the industry to address. This 
need is the primary focus of the recommenda
tions in Volume rv; '!Tansmission and Storage. 

RECOMMENDATIONS 

Participants involved in the transmission 
and storage system should take specific ac
tions to improve the system's ability to provide 
economic, efficient , and reliable natural gas 
service responsive to customer needs. 

Cost-based regulation reduces incentives 
for pipelines to minimize costs, increase capac:
ity utilization , or introduce new services .  
Therefore, the industry and regulators should 
rely on market-based rates in competitive mar
kets and lighter-handed (incentive) regulation 
should be used in markets where sufficient 
competition does not exist . Incentive regula
tion is designed to overcome many of the defi
ciencies inherent in cost-based regulation and 
relies upon the belief that the potential for profit 
is an effective motivator. Among the incentive 
rate mechanisms widely discussed are Price 
Caps, Zone of Reasonableness, Bounded Rates, 
Sharing of Efficiency Gains, and Incentive Rates 
of Return. For the pipeline industry, incentive 
regulation can further reduce costs and pro
vide incentives to increase throughput,  effi
ciency, and investments in technology; increas
ing the flexibility to respond to competition and 
serve customers, and lowering regulatory and 
outside services .costs associated with current 
regulatory proceedings. 'Ib test this premise, a 
sensitivity analysis was performed on Refer
ence Case 1 using a compounded 2 percent 



real reduction in pipeline industry costs. This 
Case was developed for sensitivity purposes, 
and is not based on data indicating whether 
this level of cost reduction will actually be 
achievable. First realized in 1 995, this cost re
duction is assumed to result from the impact of 
incentive regulation and the value created by 
new flexible services responsive to customer 
needs. In this scenario, end-use demand in
creases about 1 . 7 TCF over the years from 
1 995 to 201 0 . By 20 10 ,  the pipeline industry's 
transportation margins are 30 percent lower 
than in Case 1 .  Significantly; customers save in 
excess of $30 billion ( 1 99 1 $) over the 1 5-year 
period. 

Participants in the NPC focus groups ex
pressed the belief that the gas industry and its 
regulators show little interest or respect for the 
needs of its customers. Accordingly, customers 
are not offered the services that they want and to 
which they would attribute added value. Conse
quently, the natural gas industry needs to im
prove its record of providing the services its cus
tomers desire. Fortunately, there are a number 
of contemporary examples of new services that 
demonstrate what can be achieved if the proper 
incentives exist: gas supply aggregation pro
grams, innovative transportation and storage 
programs, and natural gas vehicle services. · 

Although NPC study p articipants ex
pressed concern over rate uncertainty for gath
ering services, stability in gathering fees for 
producers and consumers and acceptable eco
nomic returns for the owners of gathering sys
tems will best be achieved by open access, un
bundling, and market forces. Oversight at the 
state level may be indicated in isolated cases; 
but regulation is not an acceptable alternative 
for the industry where sufficient competition 
exists. 

Industry and regulators should continue 
the evolutionary process toward deregulation 
in competitive markets and incentive regulation 
in those markets where competition has not 
been shown to exist. Such initiatives should be 
structured to foster reduced costs, increased 
efficiency, and encourage new and innovative 
services that are responsive to customer 
needs . The imp acts of  these regulatory 
changes are expected to include: 

• Increased efficiency and reduced costs 

• Minimized new facilities requirements 

• Lowered regulatory compliance costs 

• Increased investments in technology 

• Improved ability to serve customers. 

The primary hurdle facing the natural 
gas industry in its attempts to add new facili
ties remains the ongoing task of providing a 
framework that maintains equitable cost and 
risk allocation among producers, pipelines, 
marketers , and end users . Essentially the 
risk/return issue is rate/regulatory in nature, 
and therefore can only be resolved through 
changes in the regulatory process. The NPC 
makes the following recommendations: 

• The industry should adopt and communi
cate to its customers a philosophy of 
working with customers to install the fa
cilities required for economical, effi
cient, and reliable customer service. 

" • Regulators should establish market-based 
pricing in markets where adequate com
petition exists (via negotiated rates) 

• Regulators should encourage alternative 
incentive-based rate structures to mitigate 
risk conditions in non-competitive markets 

• The FERC should establish risk/return pa
rameters at the time of regulatory certifi
cation to provide cost assurance. 

Present delays in constructing new facili
ties hinder the pipelines' ability to be market 
responsive. Environmental review and report
ing requirements coupled with the ability of 
special interest groups and competitors to de
lay construction through protests and propos
als of duplicate facilities act to extend the ap
proval process time to unreasonable extremes. 
Customers may be drawn to other energy sup
pliers who require less time to install facilities. 
Streamlining of the construction approval pro
cess would assist the industry's ability to meet 
customer needs. The industry participants 
should work with the FERC and other federal, 
state, and local agencies to expedite the re
view and approval process for new pipeline 
projects. Such efforts could include formal 
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agreements between the FERC and appropri
ate federal and state agencies, establishing co
ordinated or consolidated procedures that in
clude conflict resolution procedures. 

Finding alternatives to high-cost facilities 
is of paramount importance when customers 
weigh the cost of gas service against other op
tions. The first step in reducing costs is to mini
mize new or unilecessary facility requirements. 
Incentives are needed that encourage the in
dustry to offer new services that meet cus
tomer requirements while minimizing the need 
for new facilities. Efficient use of storage is one 
alternative to building expensive new facilities. 
The development and use of new technology 
should be encouraged to fully exploit improve
ments in materials and processes to reduce the 
cost of new facilities and the costs of modifi
cations to existing facilities. The gas industry 
should specifically work with regulators to cre
ate a mechanism to ensure that the benefits of 
new technology accrue to those who assume 
the risks and bear the costs. The industry 
should continue to support the development 
and deployment of new technologies to meet 
the needs of the gas transmission and storage 
industry and its customers, including the devel
opment of emission control and retrofit technol
ogy for compressor prime movers and more 
efficient, cleaner burning new prime movers. 

The NPC focus group participants relayed 
the message that reliability is an important con
cern and appears to be a major obstacle to 
greater industrial gas consumption. Reliability 
covers a broad spectrum of issues including in
dustry communication, operations, regulations, 
and contracting. The NPC believes the indus
try has been making a significant effort to ad
dress reliability concerns and to develop oper
ating guidelines,  but realizes that significant 
progress remains to be made. Therefore the 
NPC expands this recommendation as follows: 

• The industry should expand its work with 
customers to address specific reliability 
concerns by: ( 1 )  considering the forma-
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tion of a national voluntary organization to 
assist in periods of operating stress, (2) 
creating an industry master contact list of 
pipeline and producer operators, (3) co
ordinating maintenance and downtime 
schedules, and ( 4) considering the forma
tion of a Natural Gas Reliability Council to 
help coordinate and facilitate specific 
ways to address reliability issues. The in
dustry, perhaps through the Natural Gas 
Reliability Council, should fully evaluate 
the recommendations of the PERC/DOE 
Deliverability Task Force and assist in the 
implementation of these recommenda
tions as necessary. 

• The natural gas industry must overcome a 
variety of operational conditions to pro
vide the flexible service desired by cer
tain electrical generating requirements. 
The key to success will be how well each 
industry understands the other's operation 
and how well each can integrate that un
derstanding into their own operating deci
sions to the benefit of both. The natural 
gas industry and the power generating in
dustry need to make this transporter/cus
tomer relationship work through coopera
tion, coordination, and compromise. The 
gas industry mtist develop creative and 
tailored services to encourage flexibility 
and commitment to gas by the electric 
utilities. 

• Federal, state, and local officials should 
support the industry's efforts to address 
reliability and industry operating guide
line issues that improve the overall quality 
of service to natural gas consumers, in
cluding addressing any potential conflicts 
at federal and state levels between the 
regulatory framework and contracts. 

• Interstate pipeline customers will soon 
have available complete open-access , 
unbundled services ,  no-notice trans
portation, and capacity release programs 



provided by the implementation of FERC 
Order 636. In order to further the gen
eral objectives of the National Energy 
Strategy and Order 636, and to encour
age the more effective marketing of natu
ral gas services, individual state regula
tory authorities need to evaluate and 
direct , as appropriate, the unbundling of 
natural gas sales from transmission and 
storage services by local distribution 
companies and intrastate pipelines. 

• The industry needs to encourage the cre
ation and recognition of market centers as 
mechanisms to promote better market ac
cess and improved reliability of natural 
gas services. 

• The natural gas industry needs to develop 
better methods to communicate to cus
tomers the availability of transmission and 
storage capacity. 

Each pipeline has its own procedures in 
place to handle the actual operations needed 
to move gas, many of which were primarily de
signed to accommodate the pipelines' own in
ternal needs. Today, customer requirements 
are vastly different as the customer takes on 
many of the responsibilities once held by the 
pipelines. Customers having multiple trans
portation suppliers find they must operate un
der different procedures for each. Areas of 
concern include contracting, nominating, 
scheduling, balancing, dispatching, and billing. 
The industry should make it easier for cus
tomers to buy and transport natural gas by: 

• Supporting the efforts by the Interstate 
Natural Gas Association of America and 

the Council of Petroleum Accounting Soci
eties (INGAA/COPAS) and GAS*FLOW 
User's Group to develop industry operat
ing guidelines 

• Simplifying and improving consistency 
among transportation request forms 

• Developing a consistent set of rules gov
erning the allocation of capacity (up
stream and downstre am) at capacity 
constrained points 

• Improving the efficiency and timeliness of 
documentation and processing of informa
tion through appropriate use of Electronic 
Data Interchange to transfer information, 
agreements, and procedures such as op
erational balancing agreements and pre
determined allocation, and on-line real
time measurement. 

CONCLUSION 
The U.S. transmission and storage system 

has played and will continue to play a vital role 
in the nation's energy industry. Just as expan
sions and improvements have been accom
plished since its beginning, new facilities will 
continually be required and services can al
ways be enhanced. It is the hope of the NPC 
that the implementation of these recommenda
tions will assist in the realization of the potential 
of the transmission and storage system as de
scribed below. 

1 1 7 



REGULATORY P 

An abundant supply base, adequate deliv
ery capacity, and unmet market needs portend 
bright prospects for growth of the natural gas 
industry. What regulatory and policy con
straints could prevent our industry from achiev
ing that growth? This question represented the 
starting point for this study's assessment of the 
regulatory and policy conditions facing the in
dustry. 

In order to assess the perceptions of the 
industry and its customers more accurately; the 
NPC sponsored a set of focus group sessions. 
The feedback from these sessions resonates in 
major themes and recommendations through
out the entire report. l 

OVERVIEW AND CONTEXT 

Major Themes: A More Business
Like Approach 

In particular, four needs regarding regula
tion, policy; and behavior emerged as central 
regulatory and policy themes: 

• Reduce regulatory uncertainty 

• Reduce the traditional overreliance on 
regulation 

1 The findings of the focus group sessions, as swn
marized by the consultant employed by the NPC, are 
presented in Appendix C of Volume V, Regulatory and 
Policy Issues. Critical review of this material is sug
gested, but the study does not necessarily endorse all of 
the specific conclusions made by the consultant in that 
document. Appendix D of Volume V provides informa
tion for those interested in obtaining copies of the reports 
of the individual focus group sessions. 

ENVIRONMENT 

• Stop behavior that leads to fragmentation 
and fractiousness within the industry 

• Improve customer orientation. 

Each theme emerges from an established in
dustry history and culture. Dealing creatively 
with these challenges requires re-thinking 
some of our most ingrained beliefs. 

Reduce Regulatory Uncertainty 
For the past flfteen years, the natural gas 

industry and U.S. energy markets overall have 
undergone a fundamental transformation. The 
resulting regulatory structure has allowed com
petitive market forces to shape and develop a 
greater degree of customer-oriented natural 
gas services and pricing than in the past. 

This evolutionary process has contributed 
to uncertainty about how regulation and com
petitive forces are likely to work in the natural 
gas m arket in the future . Unpredictable 
changes in the ground rules may alter the busi
ness context in which marketplace decisions 
are made. Regulatory risk borne of after-the
fact changes in regulatory requirements may in 
fact undermine the larger policy goal of 
changes intended to increase reliance on mar
ket forces. 

As one focus group participant put it , 
"Things are changing so fast , you fmally think 
you're starting to  underst and what the 
ground rules are and they change again." 
Customers perceive this regulatory uncer
tainty as an additional cost of buying natural 
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gas. Therefore, reducing regulatory uncer
tainty is important to increasing the competi
tiveness of natural gas. 

Halting regulatory reform is no solution to 
current problems of regulatory unpredictability, 
regulatory lags, and regulatory risks. Instead, 
regulators should advance changes that allow 
for more healthy, market-based competition 
where possible . Establishing the industry 
more firmly on a base of competitive transac
tions gives natural gas the best prospects for 
the future. 

Regulation's role in the emerging industry 
must shift away from efforts to control markets 
and toward ( 1 )  assuring that adequate informa
tion is available to all customers and (2) polic
ing the industry to prevent the abuse of market 
power. Making that shift quickly and clearly is 
the regulator's most important task. 

In particular, clarity of vision on the part of 
regulators and effective communication of that 
vision are the best ways to reduce the uncer
tainty felt by many customers. 

Overreliance on Regulation 

As regulators struggle to allow competi
tive pressures to influence price and new ser
vice development, the gas industry's traditional 
overreliance on regulation and regulatory cues 
(or miscues) must also change. Industry par
ticipants must instead rely on their own busi
ness acumen and commercial business tools to 
define success in the markets. As one focus 
group participant related, "One utility presi
dent told me his customer is in the . . . capitol. 
And he was straight-faced: '  This kind of atten
tion to regulatory influence broadly character
izes the natural gas industry-a consequence 
of many decades of heavy regulatory interfer
ence in markets. 

As the pattern of natural gas regulation 
changes, the consequences of continued over
reliance on regulation are increased regulatory 
uncertainty and a dangerous lack of customer 
focus. 

Greater attention to competitive forces 
brings both opportunities ·and problems-but 
the problems can (and should) be managed 
creatively by those parties best suited to the 
job. A more flexible and competitive industry 
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will naturally develop more services that are 
better designed to meet customer needs. 
Overreliance on regulatory signals will stifle 
the quantity and quality of new services that 
could floUrish if market signals are allowed to 
replace regulatory cues. 

Fragmentation and Fractiousness 

All industry participants must work to end 
the fragmentation and fractiousness that have 
long characterized our industry. A strong 
sense of competition is natural, and even nec
essary, in the industry. Still, the way natural gas 
companies pursue competitiveness is impor
tant in creating a positive perspective of the in
dustry. 

As one focus group participant explained, 
'We spent a lot of time fighting the regulatory 
group in Washington. In so doing, we have 
made arguments that have been counter to 
what we should have been making to the cus
tomers:• Future advantage will come not from 
victory in adversarial regulatory proceedings, 
but from customer-oriented efforts across in
dustry segments to create natural gas services 
that economically and efficiently meet cus
tomer needs. 

Many industry participants understand 
this need for change. The NPC study effort it
self is an indication of changing attitudes. How- · 
ever, more must be done. 

· 
Customers interpret industry fragmenta

tion, and the conflicting signals that arise from 
it , as evidence of unreliability. The industry 
needs, for example, more cooperative efforts to 
develop services designed for dispatchable 
power generators, to commercialize new gas 
cooling technologies, to invest in the infrastruc
ture necessary to support natural gas vehicles. 
At the same time, the industry must develop 
�tter ways to meet the needs of our traditional 
customer base-residential, commercial, and . 
industrial conswne�for reliable services at 
reasonable cost. 

Increasingly, as companies see the value 
in these efforts, cooperative ventures will be
come the norm. 1bday, natural gas companies 
have the opportunity to begin to develop the 
relationships necessary to make that change 
happen. 



Need to Improve Customer Orientation 

Most importantly, the natural gas industry 
must improve responsiveness to customers. As 
one focus group participant explained it, " we 
have had to step back and try to figure out what 
1t is that the customer wants. Not what we think 
the customer wants, but really finding what the 
hell the customers really want." Confusion re
garding roles of industry players impedes this 
type of customer-oriented thinking. Such confu
sion is a natural consequence of changes in nat
ural gas regulations and energy markets overall, 
but solving the "identity crisis" problems of in
dustry participants must be a top priority. 

Each company must listen to its customers 
to determine energy and service needs, alter
natives, and business drivers. The services 
that add value to natural gas will have to fit cus
tomer needs better than alternatives. Success 
will depend on how the industry develops and 
markets these services. 

Natural gas starts with the inherent advan
tage of being a clean, abundant, and efficient 
fuel. How this advantage is carried into the 
market will determine the natural gas industry's 
success in building the market. 

Approach: .1. Vision Tested through 
Focus Groups 

Without an overriding vision of the desired 
framework of the regulatory policy processes, 
individual constraints and their solutions are im
possible to evaluate. Therefore, much effort 
was dedicated to developing a collective vision 
of regulation and policy: This vision allows for 
concrete comparisons of existing regulation 
and policy to a preferred condition. 

In addition, and unlike the supply, de
mand, or transmission study areas, the regula
tory process does not lend itself to readily 
quantifiable measurements. A different and 
fundamentally more qualitative methodology 
was dictated by this difference in the type of 
question posed. 

'lb broaden and test the opinions and ex
perience of study participants, a series of six
teen focus groups was initiated to build a 
"database" of views on the regulatory process 
and other key areas of concern in the study. 
Focus groups were held with producers, mar
keters, local distributors, industrials, electric 

utility fuel buyers, electric utility CEO's, inde
pendent power producers, state commission
ers,  state commission staffs, consumer advo
cates, cooling equipment manufacturers, gas 
industry equipment manufacturers, pipelines, 
fmancial institutions, and natural gas vehicle 
fleet operators. 

Hypotheses were tested against focus 
group responses in order to document current 
industry conditions and perspectives, and to 
identify specific constraints posed by the exist
ing regulatory system. 

In summary; the approach was to recon
cile the vision of the desired regulatory frame
work with the workings of the current system, 
as documented by the focus groups and the 
collective experience of the study participants. 
What lies between the vision and the existing 
system represents the true constraints, for 
which recommended policy and/or regulatory 
options are offered. 

History and Context: Rigid Regula
tion Evolving Toward Reliance on 
Markets 

The complex array of federal and state 
regulatory oversight which has grown up with 
the natural gas industry is unparalleled in our 
domestic economy. Directly or indirectly; this 
regulatory structure divides the pie of what has 
grown to be a $66 billion industry (in direct 
sales revenue, or about 1 . 2 percent of total 
Gross Domestic Product) .  Regulation also af
fects the flow of capital investment that deter
mines the role of natural gas in the nation's en
ergy future. 

Historical federal regulation of natural gas 
viewed interstate pipelines as monopolies and 
put them at the center of a closely controlled, 
bundled natural gas business. Producers sold 
gas to pipelines, who in turn sold it to local dis
tribution companies (LDCs) , who in turn sold it 
to customers. The system sought to manage 
risk through long-term contractual and regula
tory commitments and regulatory oversight. 

Current state regulation of natural gas 
evolves from a long and troubled history of de
termined public interest protection in search of 
"just and reasonable" rates. This experience 
sits firmly within the context of broader public 
utility regulation concepts while attempting to 
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respond to the particular needs of the state's 
populace . 

. With the energy crisis of the 1 970s, the 
combined framework of state and federal regu
lation that had evolved over the century proved 
to be poorly adapted to changing market con
ditions. Since then, the natural gas industry has 
undergone a series of fundamental structural 
changes, including widespread wellhead price 
deregulation in 1 985 , open-access transmis
sion, and the unbundling of pipeline services. 
A structure of rigid regulation was replaced by 
a regulatory regime that relies in part on mar
ket forces and in part on the vestiges of price 
and service regulation. 

In the 1 990s, policy makers and regulators 
are continuing to make and implement deci
sions that foster competitive market dynamics 
and spur increasing reliance on contractual re
lationships and market-based price signals be
tween the wellhead and the burnertip. The nat
ural gas industry's transition from regulated 
relationships to voluntary agreements between 
willing buyers and willing sellers is to be en
couraged and facilitated. 

Despite this potential, the current mix of 
regulatory and market change has produced 
several glaring deficiencies in the industry. In 
the following section, we examine the constraints 
posed by this existing regulatory system. 

REGULATORY CONSTIU.INTS TO 
GROWTH 

The . focus group results, as well as the in
dustry's collective experience over the past 
decade, point to numerous problems with the 
existing regulatory scheme. ffitimately; these 
may be described in terms of eight major con
straints: 

I. The regulatory process is unpredictable. 
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Inherent unpredictability of regulatory de
cision making hampers successful natural 
gas marketing to energy markets that re
quire any reasonable degree of certainty. 
Although some of this unpredictability 
arises from change itself, much of it .arises 
from two other separate issues. First, regu
lators have often not been clear about the 
reasons for changes in regulatory practice. 
Second, changes in review methodology 

after-the-fact make straightforward com
mercial decision making difficult. 

8. The regulatory process is slow. State and 
federal regulation has been slow to re
spond to fast-changing competitive mar
ket dynamics unleashed through (and 
sometimes in spite of) recent regulatory 
reforms. This lag in regulatory response 
creates market distortions by delaying or 
preventing market-based action. Com
pounding the problem, virtually inevitable 
court appeals stretch delays and attendant 
regulatory risks to intolerable levels. 

3. The state and federal regulatory pro
cesses are uncoordinated. As natural gas 
passes from wellhead to burnertip, it is 
subjected to an uncoordinated stream of 
federal- and state-level regulation con
cerning subjects like proration, gathering, 
interstate, or intrastate pipeline rate mak
ing, and LDC regulation. Consumers and 
industry participants are often confused 
by the mixed signals they receive from 
these regulatory bodies.  Overlapping 
and uncoordinated regulation increases 
costs to the industry and consumers alike, 
undermining the attractiveness of gas ver
sus competing fuels. 

4. The regulatory process distorts business 
decision malcing. By its very nature, natu
ral gas regulation diverts the attention of 
regulated companies from promoting nat
ural gas use . Focus group results indicate 
that , for natural gas , this tendency has 
reached an extreme where "distributor 
and pipeline executives are more con
cerned with meeting the needs of the reg
ulators than they are the needs of cus
tomers: ·  After-the-fact prudence reviews 
may distort business decisions like fuel 
procurement. Rate-of-return rate making, 
which may reward capital investment in 
rate base more highly than business-like 
decisions, encourages inefficient capital 
use by gas companies and biases electric 
utility fuel choice away from natural gas 
options. Regulatory risk/reward tradeoffs 
provide inadequate incentives for new 
pipeline capacity. Taken together, these 
distortions and disincentives prevent effi
cient use of management and assets to 
meet expanding market opportunities. 



5. The regulatory process causes industry 
fragmentation. Producers, pipelines, mar
keters, distributors,  and customers rou
tinely find themselves in seemingly per
petual disputes before the Federal Energy 
Regulatory Commission (FERC) as well as 
48 states' regulatory bodies. Parties often 
begin their battles before these agencies, 
continue the argument before Congress, 
and appeal not only to the courts, but even 
more often to the trade press. Current as 
well as potential markets are left viewing a 
divided industry with little credibility or 
appearance of reliability. Industry pays 
dearly for the way it competes. 

6. Regulation limits customer choice. The 
nature of natural gas regulation has been 
to defme and price a standard set of ser
vices from a sole supplier to a broad class 
of customers. This principle severely lim
its the effective marketing of natural gas 
products and services to niche markets 
with specific fuel needs and alternatives. 
The lack of meaningful incentives to pro
vide enhanced, creative service options 
(and thereby better control costs and in
crease efficiency) thwarts increased use 
of natural gas. 

1. Mixing rate making with social policy 
distorts natural gas markets. Rate making 
for regulated monopolies has become in
fused (and even confused) with social pol
icy making. Historical economically ineffi
cient cross-subsidies among customer 
classes have been justified on the basis of 
social policy. These decisions create ad
ditional costs for some or all customers. 
This indirect pursuit of social policy pre
vents efficient pricing, and it places natu
ral gas at a competitive disadvantage ver
sus unregulated energy alternatives (e.g. , 
oil, coal, propane) . Ironically, it may even 
ultimately prevent or discourage more di
rect and effective means of accomplishing 
the social goals intended. 

8. The regulatory and policy environment 
impliciUy treats natural gas as a scarce 
commodity and rewards existing cus
tomers or practices at the expense of new 
opportunities. Much state and federal 
regulation concerning natural gas as
sumes it is a scarce resource to be ra
tioned among historical customers. As a 

result , traditional " high-priority" cus
tomers have received better quality ser
vice offerings than new "incremental" 
customers . "Incremental" markets, in
cluding power generation, industrial use, 
etc . , have therefore been underserved. 
As a consequence, the resource base has 
been underdeveloped and, in the long 
term, historical customers are denied the 
benefits of an expanding market base. 

The consequence of these constraints is a 
natural gas industry that cannot achieve the lev
els of supply and demand needed to produce 
the greatest efficiency and productivity. To fix 
these problems, regulators must help the in
dustry move forward toward a more competi
tive, commercially driven future. The next sec
tion describes those recommended solutions . .  

SOLUTIONS 

To better address the dilemmas facing to
day's natural gas industry; regulators and policy 
makers need to promote a clear, economically 
responsible regulatory vision, defme the atten
dant standards, and implement the recommen
dations described below. 

A Regulatory Vision 

In the NPC's proposed new regulatory 
and policy model, increased reliance on com
petitive market dynamics supplants pervasive 
regulatory intervention as the preferred means 
of protecting and advancing the public interest. 
This vision's premise is the successful function
ing of a competitive gas industry that provides 
a range of services and products to informed 
consumers who may choose the terms and 
prices that best meet their needs. 

Thus, correspondingly, regulatory policy 
should be directed toward increasing the num
ber and quality of choices available to buyers 
and sellers of energy goods and services, with
out unnecessarily interfering in the conse
quences of the choices buyers and sellers may 
exercise. 

This vision emphasizes the role of compet
itive market principles; while recognizing a re
duced role for regulation. Where market forces 
produce choices of adequate quantity and qual
ity, regulatory policies should rely on those 
market forces. Where market forces exist, but 
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are not adequately developed to provide suffi
cient choices to consumers, regulatory policies 
should strengthen those market forces. Where 
market forces cannot produce adequate 
choices, regulatory policies should continue to 
protect consumers from exercise of market 
power by imposing a minimum level of choice 
on the industry, i.e. , via the traditional "regula
tory bargain�' 

This vision for the natural gas market in
corporates business objectives of stability and 
profit opportunity based on commercial inter
action, as well as regulatory objectives of en
suring customer choices in natural gas service 
while policing market power. A robustly com
petitive gas industry will , first and foremost, 
maximize consumer satisfaction. Implicit in the 
vision is an industry that will recognize and ac
commodate differing levels of risk tolerance 
among segments of the gas industry and its 
consumers. Risks and associated costs will 
then be managed by the most capable party. 

Under this competitive vision, regulators 
need to step back and allow customers to de
cide freely their own levels of service and risk 
tolerance. Those customers will then bear the 
costs or reap the savings associated with their 

choices. Because the functioning of individual 
choice is integral to achieving the public inter
est, regulators should not usurp or forestall cus
tomer choices by substituting their opinion of 
risk tolerance for that of the customer. 

New Standards for Natural Gas 
Regulation 

The standards that emerge from our vision 
of natural gas regulation are summarized and 
contrasted in Table 6- 1  with the widely adopted 
(or perceived) existing standards. 

'1\vo conclusions must be drawn from this 
side-to-side comparison. First, the new stan
dards are a radical departure from the existing 
model of regulation. Having let the genie of 
competition out of the bottle, the efficiencies of 
competitive markets will be severely distorted 
without a near complete overhaul of the exist
ing model. Second, the new standards involve 
policy trade-offs between government's former 
role in controlling industry and its future role in 
encouraging industry to develop new services. 

In adopting new standards, the industry 
will take strides toward further deregulation. 
Nonetheless, this standard deliberately stops 

TABLE 6-1 
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NEW STANDARDS FOR NATURAL GAS REGULATION 

Existing Model 

Just and Reasonable 
Prudent 

Cost Based 
Social Policy Influenced 
Protection 
Tariffs 
Regulatory Uncertainty 
Penalties 
Stabi lity 
Adequate Supply 
Lowest Reasonable Cost 
Guarantee 
Reliability 
Franchise 

Recommended Model 

Competitive 
Responsive (To Shareholders 

& Customers) 
Market Based 
Neutral 
Choice (And Risk) 
Products 
Observable Market Risks 
Incentives 
Efficiency 
Contractual Security 
Market Cost 
Opportunity 
Service 
Market Focus 



short of recommending complete deregulation. 
It recognizes that natural monopolies persist in 
some sectors and may preclude direct compe
tition from producing an economically efficient 
outcome. However, it also recognizes that the 
bundled natural gas services of the past have 
distorted the nature of existing natural monopo
lies. For example, natural gas resales are no 
longer a natural monopoly, although, in many 
cases, natural gas transportation or distribution 
remains a natural monopoly. These important 
distinctions must be made explicitly. 

As a practical matter, and despite appar
ent efficiency costs, some form of continuing 
regulation is necessary at both the federal and 
state level. That regulation should police mar
kets for exercise of market power. Regulation 
should no longer control those markets for pol
icy purposes. 

Recommendations 

Accordingly; this study's regulatory and 
policy recommendations, separated into cate
gories of general, federal, and state applicabil
ity; are designed to move the industry toward 
the vision that best meets the goal of allowing 
natural gas use to grow to its economically effi
cient level. 

General Recommendations 

The following recommendations apply 
broadly to both FERC and state regulatory 
agencies. 

Public Interest Definition 

Policy makers and regulators should rede
fme the public interest pursued in their poli
cies, consistent with the following: 

• The objectives that govern the natural gas 
regulatory process should be reviewed 
anew, and should include a clear identifi
cation of the public interest being fur
thered. 

• Regulatory objectives should be the re
sult of a coordinated state and federal 
agreement on a new defmition of "public 
interest." 

• The public interest should be defmed in 
terms of a functional, competitive gas in
dustry that provides a range of products 

and services to informed consumers who 
may choose the terms and prices that 
best meet their respective needs. 

• Industry participants as well as consumers 
must work with regulators to develop a 
new regime consistent with revised "pub
lic interest" goals. 

Regulatory Philosophy 

Regulators should enunciate and act upon 
a regulatory philosophy consistent with the re
defined public interest . 

• Regulators should affirm the use of market 
forces in lieu of regulation where such 
forces are sufficiently robust to provide the 
market with reasonable service choices. 

• Regulation should refrain from unneces
sarily restricting the number or quality of 
choices made available to the buyers and 
sellers of energy services; neither should 
it interfere with the consequences of those 
choices. 

• Cross-subsidies among customer classes 
should be phased out . 

Use of Competition 

Regulators should identify competitive 
markets and consider alternative rate struc
tures. 

• Regulatory decision making should defer 
to market forces where they are sufficient 
to meet customers '  needs for choice 
among economic, efficient , and reliable 
services. 

• Phased activities and pilot projects should 
be used actively to explore the feasibility 
of new regulatory structures that use com
petition in place of traditional regulatory 
control. 

• For markets in which meaningful compe
tition does not exist and where adequate 
safeguards can be developed, regulators 
should explore the potential value of in
centive rate making. Rate ceilings should 
be emph asize d over profit ceilings . 
Where continued regulatory oversight is 
require d ,  p ilot p roj ects  should be 
adopted to develop regulatory and in
dustry experience en route t o  more 
wide scale programs. Potential examples 
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include sharing-of-savings mechanisms 
and flexible rate authority. 

• Gas procurement should be deregulated 
where appropriate competitive markets 
are determined to exist and buyers have 
meaningful equal access to competing 
gas supplies. 

• Regulation of safety and related minimum 
service standards should remain intact . 

Communication 

Regulators should invite meaningful com
munication with each segment of the industry; 
and across regulatory jurisdictions, with regard 
to general policy and rate issues. 

• Communication should take place individ
ually and through regulatory and industry 
associations. 

• Regulators should attempt to understand the 
effects of their regulatory decisions on sec
tors of the industry; in order to prevent un
desirable side-effects, and for consistency 
with overall national policy objectives. 

• The FERC should clarify its interpretation 
of ex parte rules to recognize the impor
tance of effective communication in the 
context of generic rule makings. 

• Congress should modify the Sunshine Act 
so that it does not apply to generic pro
ceedings. 

• Federal and state regulators should be en
couraged to meet in order to discuss gen
eral regulatory issues and objectives. 

Regulatory Certainty 

Regulators should develop procedures 
that improve regulatory predictability. 

• Individual rules and regulations, as well as 
authorizing statutes, must be reviewed to 
remove impediments to real-time in
formed choices and educated risk as
sumptions by natural gas sellers, trans
porters, and customers. 

• Regulatory proceedings that remain nec
essary must be timely and efficient. Pro
cedures should be adopted so that no rate 
case at the state or federal level would 
take longer than a reasonable time cer
tain, such as nine months. 
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• Adequate staff and resources to perform 
timely regulatory functions should be suf
ficiently budgeted. 

Specific Federal Recommendations 

New Construction Test 

The FERC should eliminate the traditional 
tests for new interstate pipeline construction: 

• The historical test of  sufficient supply 
backed up by long-term contracts and at
tendant flrm service agreements should 
be eliminated. 

• Parties should be permitted to allocate 
risk through contractual mechanisms. 

Up-Front Rate Treatment 

The FERC should provide determinations 
of the rate treatment for new facilities in ad
vance of construction. 

• Both project sponsor and affected cus
tomers must be afforded reasonable pre
dictability in regulatory rate treatment be
fore construction commences. 

Secondary Markets 

The FERC should continue to promote the 
development of robust secondary markets for 
regulated transport services.  Customers 
should be allowed to trade capacity rights in 
minimally regulated secondary markets. 

Define Competition 

The FERC should continue its efforts to es
tablish a definition of competitive markets for 
transportation and other services. 

Specific State Recommendations 

LDC Unbundling 

State commissioners should evaluate and 
direct as appropriate the Unbundling of LDC 
sales and transmission services to further the 
general pro-competition and pro-consumer 
objectives of the National Energy Strategy and 
FERC Order 636. 

Uniform Code 

To promote consistency in state regula
tion, an appropriate body; such as the National 



Association of Regulatory Utility Commission
ers, the National Association of State Legisla
tors ,  or the National Governor's Association, 
should investigate the establishment of a uni
form code of regulation available to all state ju
risdictions. 

Integrated Energy Resource Planning 

State regulators should adopt a fully inte
grated approach to energy resource planning. 

• Environmental advantages of natural gas 
should be recognized in total energy re
source planning. 

• Evaluation of natural gas applications in 
meeting traditional end-use markets for 
electricity (e.g. ,  gas cooling) should pro
ceed in tandem with evaluation of alterna
tive electric integrated resource planning 
solutions. 

Re-evaluation of Franchise Protection 

The benefits of and need for franchise 
protection for LDC services should be re
viewed and re-evaluated. 

• State regulators should distinguish be
tween captive and non-captive custome:r:s 
and should explore alternatives to tradi
tional service obligations where competi
tive markets exist or can be created. 

• Access to multiple supply options for all 
customers should be encouraged. 

• Regulatory policy should provide LDCs 
with the appropriate cost allocation, rate 
design, and pricing flexibility to enable 
LDCs to compete in the marketplace so 
that regulators do not have to promote or 
prohibit bypass of local distributors. 

Proration Policy 

States should continue to protect the cor
relative mineral rights of producers and royalty 
owners and to prevent physical waste through 
proration rules. 

• Limitations on production to protect cor
relative rights and t o  prevent phy sical 
waste should be divorced from any efforts 
to control supply or to raise the wellhead 
prices of gas. 

• Producers should be left with the maxi
mum possible discretion to manage their 
production in relation to swings in market 
demand and prices. 

Define Competition 

State regulatory commissions should es
t ablish t ask force s  t o  define and identify 
competitive markets for transportation and 
distribution services. 
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OVERVIEW 

Just as natural gas plays an important role 
in meeting the nation's energy needs, environ
mental and access issues play an important 
role in the natural gas industry's ability to bring 
clean-burning natural gas to its customers. The 
actual impact of environmental issues on the 
natural gas industry is in many ways a di
chotomy. On the exploration, production, trans
portation, and storage sectors of the business, 
where companies are faced with increasing 
costs for environmental controls and growing 
permitting and access restrictions, environ
mental issues work against the industry's ability 
to supply natural gas to the end user at a com
petitive price. However, on the downstream or 
end-use side of the business, environmental is
sues actually create an incentive. If natural gas 
can be delivered at a competitive price, its 
clean burning characteristics can help meet 
the growing environmental needs of the indus
try's consumers and the nation. 

The purpose of the environmental section 
of this report is to examine the environmental 
dichotomy and develop recommendations for 
the Secretary of Energy; and the natural gas in
dustry; that will help develop natural gas as an 
important contributor in the National Energy 
Strategy. On the exploration and production 
side of the study; Volume II , Source and Supply; 
rigorously identifies and quantifies the potential 
impact of environmental regulations and access 
issues on the exploration and production of nat
ural gas. Volume IV; Transmission and Storage, 
identifies the impacts of environmental regula-

N 

tions and permitting restrictions on the trans
portation portion of the industry. On the end
use side of the study; Volume III , Demand and 
Distribution, identifies not only the environmen
tal impacts, but also the environmental advan
tages of natural gas for the end-use customer. 
The ultimate goal is to define actions for both 
government and industry that will eliminate or 
reduce the environmental dichotomy surround
ing the production and use of natural gas; to 
create a balance in national environmental pol
icy that fairly and accurately weighs upstream 
environmental regulations against the down
stream benefits of using natural gas as a clean 
burning fuel. 

Summary of Findings and 
Recommendations 

The NPC has examined the impacts of 
potential future environmental regulations and 
access limitations on the exploration and pro
duction (E&P) and transportation and storage 
of natural gas. The results of this analysis 
demonstrate a clear potential to limit the ability 
of industry to increase the production of natu
ral gas as an important resource in the national 
energy strategy. On the downstream or end
use sector, there remain unfulfilled opportuni
ties to increase the use of natural gas driven by 
environmental regulations aimed at solving the 
nation's air quality problems. Within this ap
parent dichotomy; the challenge is for industry 
and government to work together to solve the 
pressing environmental issues facing the E&P 
and transportation sectors in a balanced and 
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cost-effective manner. The opportunity is for 
industry to maximize its potential to develop 
new environmental markets. The rewards are 
sustained growth for the industry and im
proved air quality for the nation. 

The following are general recommenda
tions from the study designed to meet the envi
ronmental challenges and take advantage of 
the environmental opportunities. More detail 
on these recommendations can be found at the 
end of this chapter and in the subsequent vol
umes of this report. 

General Recommendations 

Recommendations for Government 

1 .  Encourage government , at all levels, to 
create a balance between costs and bene
fits in the legislative and regulatory pro
cess for environmental and access issues 
that effect the natural gas industry (i.e . ,  ex
ploration and production, transmission, 
and consumers) . This includes the direct 
recognition of the environmental benefits 
of natural gas as a fuel. 

Recommendations for Industry 

1 .  Develop and supply timely and credible 
technical cost-benefit data for use in com
munication efforts with government, other 
industry groups, environmental groups, 
and the general public. Focus research 
activities toward developing more cost-ef
fective technical solutions to the environ
mental challenges facing the natural gas 
industry. 

2 .  Enhance education programs to increase 
the public's understanding of the positive 
role natural gas can play in solving the na
tion's environmental problems. Target au
diences include federal, state, and local 
governments, other industry groups, envi
ronmental organizations, and the general 
public. 

3. Develop new technology and innovative 
industry strategies to better align the natu
ral gas industry's goals with the public's 
needs and expectations in order to ex
pand markets and create more timely and 
efficient solutions to environmental, per
mitting, and access issues .  Create 
win/win situations for the natural gas in-
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dustry; its customers; federal, state, and lo
cal governments; environmental groups; 
and the general public. 

EVOLUTION OF THE ENVIRON
MENTAL MOVEMENT 

The Environmental Movement
Its Goals, Policies, and Politics 

By the 1 960s, a growing concern for water, 
air, and natural lands of the United States was 
growing into an awareness that uncontrolled 
discharges and emissions, urban and industrial 
growth, and development of, and reliance on, 
chemicals were taking a toll on the natural envi
ronment . Rachel Carson's Silent Spring docu
mented the unintended effects of DDT and 
other pesticides on wildlife, particularly birds. 
In addition, there was a growing recognition that 
air quality had badly deteriorated in many 
cities, that many of the nation's major surface 
waters had severely deteriorated, and that our 
living spaces were encroaching on our natural 
surroundings. Esoteric terms like "environ
ment" and "ecology" started as cult themes 
and then grew into a movement. An electorate 
outraged by environmental accidents and reve
lations like the Santa Barbara Channel oil spill, 
the Cayahoga River fire, the Love Canal toxic 
waste dump, and the Three Mile Island nuclear 
reactor incident prompted waves of new federal 
and state laws to address pollution problems, 
real or perceived. 

Following these environmental alarms, en
vironmental policy and regulation developed a 
patchwork of overlaps and gaps. Statutes and 
regulation were designed to deal with specific 
problems, rather than being part of a compre
hensive scheme. 

Over the p ast decades a system of  
statutes, regulation, guidelines, factual conclu
sions, and case specific interpretations has 
evolved. The individual elements, however, do 
not work together to achieve the system's ob
jectives. This system is made ever more daunt
ing by the uncertainties and the complexities of 
the scientific issues always encountered in en
vironmental cases. 

The Nature of Regulatory Approaches 

Most regulatory systems develop charac
teristic sets of duties and compliance require-



ments adapted to the subject matter and cir
cumstances being regulated. The environmen
tal statutes and regulations are no exception to 
this rule. There are about eight generic obliga
tion or regulatory approaches, all affecting the 
gas industry; that are utilized in some combina
tion by virtually all environmental laws. 

• Notification Requirements-To advise ap
propriate authorities, employees, and the 
public of intended or actual releases of 
pollutants, violation of discharge limits, or 
other prohibition and of the commence
ment of activities, such as resource extrac
tion or construction, which may have sig
nificant environmental impacts. 

• Point of Discharge or "Waste End" Con
trols-Also referred to as "Command and 
Control," to prevent or acceptably mini
mize the release of pollutants into the en
vironment . 

• Product-Oriented Controls-To ensure 
that products are designed, formulated, 
packaged, or used so that they them
selves do not present unreasonable risks 
to human health or the environment when 
either used or disposed of. 

• Process-Oriented Controls and Pollution 
Prevention-To reduce the quantities, pre
vent the release , and minimize the haz
ardous characteristic of wastes that are 
generated. 

• Regulation of Activities-To protect re
sources, species, or ecological amenities. 

• Safe Transportation Requirements-To 
acceptably minimize the risks inherent in 
transportation of hazardous wastes or ma
terials, oil, gas, or other potentially harm
ful substances. 

• Response and Remediation Require
ments-To reduce the threat of release or 
clean up pollutants that have been re
leased. 

• Compensation Requirements-To make 
responsible p arties pay for damages 
done to the health or environment or to 
permit self-appointed representatives of 
the "public interest" to recover for injuries 
done to public assets. 

ENVIRONMENTAL CONSTRAINTS 
AND IMPACTS ON THE NATURAL 
GAS INDUSTRY 

Background 
In each natural gas industry sector, from 

wellhead to burnertip, there are environmental 
requirements that ultimately affect the cost and 
availability of gas to the nation. If natural gas is 
to have a role in the national energy policy and a 
role in helping reach national environmental 
goals, then decision makers must ensure that 
the costs of compliance with environmental laws 
and regulations are commensurate with the 
benefits achieved, and in line with these national 
policies and goals. This section describes the 
effects of current environmental policies on the 
cost, supply, and availability of natural gas. 

Since natural gas has intrinsic environmen
tal benefits as a clean-burning fuel, the study 
began with the premise that there is a set of 
' 'Constraints' '  that exist , that prevent or inhibit 
the full utilization of natural gas in the national 
energy strategy. These "Constraints" exist both 
external to the industry (i.e. , legislative, regula
tory; etc.) as well as internal to the industry (cul
tural, policy; practices, etc.) . The methodology 
employed by the group included facilitated 
brainstorming sessions, E&P sector modeling to 
estimate the potential impact on supply, re
gional demand analyses, and focus group dis
cussions. These methodologies drew on the 
combined expertise of the industry and gov
ernment members of the study teams, key 
representatives from other interested members 
of the study; members of the regulating commu
nity; and end-use customers. The process pro
duced the following observations regarding the 
environmental "Constraints" facing the industry 
along with a corresponding series of "Options" 
(i.e . ,  Recommendations) available to govern
ment and industry to overcome these "Con
straints." These "Constraints" are discussed 
below by industry segment .  The Recommen
dations to overcome these "Constraints" are 
discussed at the end of this chapter. 

Why Environmental Constraints Exist 

A number of problems exist that constrain 
the full utilization of natural gas. These prob
lems include less than optimum government 
policies, processes, and practices (legislative, 
regulatory; and administrative) ; misperceptions 
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and misunderstandings about the natural gas 
industry and its practices by government and 
the public at large ; superior strategy by envi
ronmental groups; and the lack of a coordi
nated and cohesive industry process to under
stand and meet the environmental needs and 
expectations of the public. These issues are 
discussed in more detail in the section on Pub
lic Policy and Perception Issues. 

Swnmary of Constraints 

The environmental legislative and regula
tory decision making process in the United 
States, coupled with the industry's currently in
ward-focused culture, inhibits the full utilization 
of natural gas, as an environmentally preferred 
fuel in the national energy mix. A summary of 
general constraints include: 

• Legislation, regulation, and government 
policy does not adequately balance the 
direct upstream costs and benefits of reg
ulations and does not include an analysis 
of the downstream benefits of natural gas. 

• The environmental benefits of using natu
ral gas are not well understood by the 
public and policy makers. The natural gas 
industry is seen more negatively than de
served and is perceived as not being 
credible and is not trusted. 

• Environmental interest groups operate 
with a high level of public trust and they; 
along with competing industries, have 
been more successful in focusing their re
sources in an effective advocacy strategy. 

• The natural gas industry has not been suc
cessful in fully aligning its goals with the 
public's needs and expectations. 

The end result has been an increasing 
economic burden from environmental regula
tions relative to benefits, drilling moratoria, the 
cancellation or deferral of government lease 
sales, lack of access for exploration, produc
tion, and pipeline right-of-ways, and federal 
and state legislative and regulatory policies 
that inhibit the use of natural gas. 

Environmental Constraints on 
Exploration and Production 

Volume II, Source and Supply; examines 
the impacts of potential future environmental 
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regulations and access limitations on the explo
ration and production of natural gas. The re
sults of this analysis demonstrate a clear poten
tial to limit the ability of industry to increase the 
production of natural gas as an important re
source in the national energy strategy. In addi
tion, these same environmental regulations also 
have the potential to reduce the role that natural 
gas can play in solving the nation's air quality 
problem. Within this apparent dichotomy; the 
challenge is for industry and government to 
work together to solve the pressing environ
mental issues facing the E&P sector in a bal
anced and cost-effective manner, the opportu
nity is sustained industry growth and improved 
air quality. 

The methodology used to quantify these 
challenges and opportunities included: 

1 .  Developing two environmental cases to 
characterize the range of plausible future 
environmental regulation for the purposes 
of modeling a range of potential future 
economic impacts. 

• Reference Case: A level of environ
mental regulation adequate to protect 
human health and the environment , 
while balancing the costs and benefits 
of environmental regulations and recog
nizing the value of domestic natural gas 
production and end use. The analysis 
included a quantitative evaluation of the 
fmancial impact of potential additional 
future regulations, based upon a quali
tative assessment of the level of regula
tion required to achieve environmental 
and economic balance. The result is 
reference case assumptions of compli
ance costs substantially above current 
requirements. 

• High Environmental Regulation Sensi
tivity Case: The philosophy of this sen
sitivity case assumes that national policy 
will continue to press for increased envi
ronmental protection, at ever increasing 
costs, for the foreseeable future. Thus, 
natural gas E&P activities will be subject 
to increasing levels of environmental 
regulation (a high economic impact 
case) . Again the analysis included a 
quantitative evaluation of the financial 
impact of potential additional future 



regulations based upon a qualitative as
sessment of the level of regulation. 

2 .  Developing cost estimates for compliance 
with anticipated regulations under the 
new Clean Air Act Amendments, the Safe 
Drinking Water Act , and pending Re
source Conservation and Recovery Act 
and Clean Water Act reauthorizations 

3. Modeling the impacts of the High Environ
mental Regulation Sensitivity Case as
sumptions on both of the NPC Reference 
Cases using the Hydrocarbon Supply 
Model. 

Environmental Requirements 

In developing this report , a wide range of 
environmental laws that affect or may affect the 
domestic natural gas E&P industry were exam
ined. Some of the laws and regulations have 
specific requirements for which it is possible to 
develop compliance costs. These laws, regula
tions, and related environmental initiatives were 
used in the Hydrocarbon Supply Model to exam
ine the effect of environmental requirements on 
compliance costs, the resource base, and natural 
gas E&P activity. This section of the report 
briefly describes the laws used in the model, 
their requirements, and how they affect natural 
gas production. Many other laws and regulations 
are not as direct or predictable in how they affect 
the cost of producing natural gas or how they 
may affect industry's ability to access prospective 
acreage. These laws are discussed in more de
tail in Volume II, Source and Supply. 

Major Laws Used in the Model Im
pacting Exploration and Production 

Resource Consezyation and 
Recoye.ry Jlct 
The Resource Conservation and Recovery 

Act of 1 976 (RCRA) was the flrst federal attempt 
to address the management of solid and haz
ardous wastes and to promote conservation 
through waste recycling. Subtitle C of the Act 
is designed to provide cradle-to-grave man
agement for hazardous waste generation, stor
age , transportation, treatment , and disposal.  
Subtitle D provides federal guidance to states 
in regulating non-hazardous wastes. Amend
ments to RCRA in 1 984 added regulation of 
petroleum and hazardous wastes stored in un
derground tanks. 

Congress exempted wastes associated 
with oil and gas operations from being catego
rized as hazardous wastes, subject to the Envi
ronmental Protection Agency (EPA) review of 
the need for regulating these wastes. A 1 987 
EPA report concluded that high volume, low 
toxicity oil and gas wastes did not need to be 
regulated under Subtitle C. Most of these 
wastes are regulated by individual states. 

Future legislation may change how oil and 
gas wastes are treated. Reauthorization of 
RCRA may affect disposal of drilling muds and 
cuttings, the use of pits at drilling and produc
tion sites, and remedial clean up of oil drilling 
sites. Of all the environmental regulations con
sidered, RCRA has the greatest potential for in
creasing compliance costs on E&P operations. 

Clean Water Jlct 
Passed as the Federal Water Pollution 

Control Act of 1 97 2 ,  this statute's objective is to 
restore and maintain the chemical, physical, 
and biological integrity of the nation's waters. 
As amended in 1 977 (which changed the name 
to Clean Water Act [CWA]) ,  the CWA estab
lishes a system of effluent standards by indus
trial category; provides for a permitting system, 
sets waste water quality standards, provides for 
grants for municipal waste treatment , and ad
dresses special issues like toxic wastes and oil 
spills. The authority for wetlands protection is 
contained in Section 404 of the CWA, to be dis
cussed in a later section. The CWA is sched
uled to be reauthorized. 

The effiuent limitation standards and the 
National Pollutant Discharge Elimination Sys
tem (NPDES) permit program are the chief reg
ulatory tools under the authority of CWA. Efflu
ent limit ations are b ased on what is 
technologically achievable, not necessarily on 
the environmental beneflt realized. Most of the 
effect of the CWA on natural gas E&P results 
from the NPDES program on offshore drilling 
and production. 

Clean Air Jlct 
The first federal Clean Air Act (CAA) , 

passed in 1 967 , established air quality stan
dards, but the CAA of 1 970 established a more 
comprehensive federal-state partnership for air 
pollution control. Health-based and general 
welfare-based ambient air quality standards are 
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set at the federal level and states develop imple
mentation plans to attain and maintain those 
standards. Though amended in 1 977 ,  the CAA 
amendments of 1 990 add tough new measures 
for ozone non-attainment areas, provide for re
duction of acid forming emissions, tighten up on 
mobile source emissions through controls and 
alternative fuels, set up a comprehensive per
mitting program, and create emission control 
standards for a new list of toxic emissions. 

Natural gas E&P will be affected by tempo
rary emission control requirements, which may 
restrict construction and drilling emissions, and 
long-term emission control requirements for 
new, modified, or existing facilities (i.e. , fugitive 
hydrocarbon emissions from field operations 
and gas plants) . In areas that are not in attain
ment of ambient air quality standards, emission 
offsets may also need to be acquired. 

Safe Drinking Water Act 
The Safe Drinking Water Act of 1 984 

(SDWA) established the Underground Injection 
Control (UIC) program to protect drinking wa
ter aquifers from contamination by subsurface 
injection of fluids. The Act required the EPA to 
establish minimum requirements for state pro
grams or for federal primacy in the absence of 
state programs. 

The UIC affects all underground injection 
associated with oil and gas exploration and 
production activities. Natural gas E&P may be 
affected by requirements for mechanical in
tegrity testing of produced water injection 
wells. If fresh water aquifers are not being pro
tected, then action may be required to correct 
the situation. 

Laws Affecting Access Used in the 
Model 

The following laws were used in the 
model to add compliance costs (Wetlands Pro
tection) or were used in determining when re
sources in a hydrocarbon region would be 
available (OCS Moratoria) . Both these laws are 
also discussed in the Emerging Environmental 
Issues section because they add unspecified 
costs and affect access. 

Wetlands Protection 

The authorities to protect wetlands come 
from the River and Harbors Act of 1 899 and the 
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CVVA and cover both public and private lands. 
Though not clearly codified, the national policy 
of no net loss of wetlands can force activities to 
be restricted from, or severely modified within, 
a wetland area. The broadened definition of 
wetlands extends this protection to more areas. 

Natural gas E&P activities may be forced 
to relocate to protect the wetland, and/or to mit
igate impacts through replacement , enhance
ment, or creation of wetlands. 

OCS Moratoria 

Although the OCS program is adminis:
tered by the Department of the Interior (DOl) , 
since 1 982 Congress has added language to 
the DOl budget appropriation every year plac
ing certain offshore areas under leasing mora
toria. Each appropriations statute has blocked 
leasing in the affected offshore area for one 
year. Beginning in 1 984 , Congress began 
blocking exploration activity on existing leases 
through the appropriations process. 

Impact on Cost and Supply 

The following are highlights of the cost 
and supply impacts that occur over the 20 year 
study period using NPC Reference Case 1 (the 
moderate economic growth case) as an exam
ple [results for NPC Reference Case 2 (the low 
economic growth case) are generally similar] . 
The two modeling results that best characterize 
the impacts of potential future environmental 
regulations on the ability of the E&P sector to 
explore for and produce natural gas are "total 
compliance costs" and "the impact on produc
tion volumes." Each of these indicators is 
briefly described below. 

Figure 7- 1 shows the environmental com
pliance costs in 1 9 90$ for both Reference 
Case 1 and the High Environmental Regulation 
Sensitivity Case. The annual compliance costs 
reach over $3 .5 billion in the high sensitivity 
case, whereas they are less than $750 million 
in Reference Case 1 . The cumulative compli
ance costs for industry for the 1 992-20 1 0  pe
riod under the reference case totals $ 1 2  billion, 
while under the sensitivity case, the cumulative 
total equals $4 7 billion. It is important to point 
out that even Case 1 represents roughly a 1 0  
percent increase in new well costs onshore in 
the lower-48 states above today's already care
fully controlled and monitored operations. This 
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Figure 7-1 .  Lower-48 U.S. Natural Gas Exploration & Production Environmental 
Regulation Compliance Costs. 

expenditure growth translates into a trend only 
slightly below the historical rate of industry en
vironmental expenditures. 

Using the reserve impact modeling ap
proach described in Volume II , the production 
volumes for the lower-48 states are shown in 
Figure 7-2 for both Reference Case 1 and the 
High Environmental Regulation Sensitivity 
Case. Note that the difference between envi
ronmental scenarios, or the net decrease in 
production due to higher compliance costs, is 
nearly 2 TCF per year by 20 1 0  with a cumula
tive reduction from 1 992-20 1 0  of over 1 7  TCF. 
It should also be noted that the decrease in 
production increases throughout the period as 
existing production declines and new discover
ies and infill development drilling play a larger 
role in the supply forecast. 

As a brief summary; the following impacts 
represent the incremental costs and effects of 
the sensitivity case over Reference Case 1 and 
demonstrate the potential costs and resource 
savings to be achieved if industry and govern
ment can work together to solve the pressiilg 
environmental issues in a balanced and cost
effective manner. 

• A $35 billion ( 1 990$) increase in environ
mental compliance costs for the natural 
gas industry (approximately a 50 percent 
increase over today's costs for new wells 
in the lower-48 states) . 

• A 1 7  TCF reduction in cumulative natural 
gas production with annual reductions 
reaching 2 TCF ( 1 0  percent) in the year 
20 10 .  

• In addition, a significant portion of  the re
source base is already inaccessible due to 
leasing moratoria on the Outer Continen
tal Shelf (OCS) , restrictions in wilderness 
areas, marine sanctuaries, National Parks, 
Fish and Wildlife Service lands, and de 
facto administrative moratoria. The full 
potential of these areas will not be known 
until access is granted. 

The recommendations to mitigate these 
potential impacts center around the central 
theme of bringing more balance to the environ
mental legislative and regulatory arenas by 
modifying government processes; revising in
dustry research, advocacy; and outreach pro
grams; and improving public education on the 
net environmental benefits of natural gas. An 
outline of the recommendations are discussed 
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Figure 7-2. U.S. Lower-48 Gas Production. 

at the end of this chapter. A more detailed dis
cussion can be found in Volume n, Source and 
Supply. 

Access Issues 

Much of the land within the United States 
is public property subject to federal control. 
This is especially true in the western states and 
Alaska. These lands are administered as spe
cialized areas such as parks and

· 
monuments, 

wildlife refuges,  wilderness areas ,  national 
forests ,  and unspecialized public lands . 
Wilderness areas, parks and monuments, and 
some wildlife refuges are not available for oil 
and gas E&P. National forests and other public 
lands, however, may be available for oil and 
gas E&P, but are often restricted. Mineral rights 
and E&P authorizations on these lands are ad
ministered by federal land management agen
cies and are subject to laws and public deci
sion making processes that may not apply on 
private lands. 

The . Outer Continental Shelf is another 
specialized area under federal jurisdiction and 
subject to federal environmental laws. Parts of 
the OCS and adjacent state waters are set 
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aside as marine or estuarine sanctuaries and 
may be off limits to oil and gas E&P. 

Public Lands Access 

The U.S. federal land inventory consists of 
some 720 million acres of property onshore; 
nearly one-third of the entire land area of the 
country. Approximately 4 1  percent of all fed
eral lands onshore are currently unavailable to 
the natural gas industry. These lands include: 
( 1 )  designated wilderness, and lands recom
mended and under study for wilderness; (2) 
National Park System lands ; (3) Fish and 
Wildlife Service lands; and (4) other lands 
closed by administrative action. In addition, 
another 20 percent of onshore federal lands, 
legally open to the industry, are effectively 
closed as a result of de facto moratoria and 
lease restrictions that significantly curtail natu
ral gas operations. The lack of access to cer
tain federal lands makes it doubtful that the true 
productive potential of these lands will be de
termined in the foreseeable future. The contin
uing trend to remove additional lands and in
creasingly stringent lease restrictions may have 
a significant, adverse impact on the role federal 
lands can play in any domestic natural gas 
strategy. 



WHdemess Lands 

The National Wilderness Preservation 
System contains over 90 million acres of desig
nated wilderness at over 4 7 4 locations. An ad
ditional 1 34 million acres are currently recom
mended or are under study for wilderness 
protection, and are closed to exploration and 
production by congressional moratoria. Most 
wilderness areas are administered by four fed
eral agencies, Bureau of Land Management , 
the U.S. Forest Service, the National Park Ser
vice, and the Fish and Wildlife Service. 

NaUonal Park System Lands 

There are approximately 80 million acres 
of land in the National Park System. These 
lands are closed to mineral leasing by the Min
eral Leasing Act of 1 920.  Approximately 37 
million of the 80 million acres have also been 
declared as wilderness. 

Dsb and Wildlife Service Lands 

The Fish and Wildlife Service (FWS) ad
ministers some 89 million acres of federal land. 
These lands include the Wildlife Refuge Sys
tem, various coordination areas, and other mis
cellaneous lands. Approximately 1 9  million 
acres of FWS lands are designated as wilder
ness . In addition, approximately 6 1  million 
acres are currently recommended or are under 
study for wilderness designation. Much of the 
remaining FWS lands is subject to regulations 
that prohibit or significantly restrict exploration 
and production activity. 

Ot1Jer Federal Lands 

Approximately 60 million acres of addi
tional federal land have been closed to mineral 
leasing by various administrative actions . 
These include 45 million acres affected by the 
Alaska Native Claims Settlement Act , and 1 5  
million acres affected by the Endangered 
Species Act, the Clean Air Act, and proposals 
to establish "buffer zones" around national 
parks. Again, these lands have been with
drawn without adequate consideration of their 
natural gas potential. 

De &cto Moratoria 

Approximately 20 percent of the federal 
land inventory; mostly Forest Service lands, are 
currently inaccessible to the natural gas indus-

try as a result of de facto moratoria. These re
strictions flow from a variety of routine adminis
trative actions, including unwarranted delays in 
issuing permits, the assignment to single-use 
operations lands, and the imposition of stipula
tions severely limiting or prohibiting leasehold
ers from the surface occupancy of leased 
lands. De facto moratoria have been caused by 
recent court decisions on National Environmen
tal Policy Act (NEPA) compliance requirements 
for oil and gas leasing, resulting in a Forest Ser
vice determination that few of its forest plans 
contain sufficient discussion of cumulative envi
ronmental effects. The delays caused by the 
development of this information has brought oil 
and gas leasing in these areas to a halt . Since 
1 985, the number of acres under lease on For
est Service lands has declined by 65 percent. 

OCS Leasing Restrictions 

The Outer Continental Shelf is subject to 
the jurisdiction and control of the United States 
by authority of the OCS Lands Act and the Sub
merged Lands Act. The OCS is made available 
for oil and gas E&P through a bonus bid leas
ing system. Leasing activity is planned and an
nounced in a 5-year OCS leasing program 
schedule specifying the proposed size, timing, 
and location of each lease sale. Long before a 
lease sale is held, the oil and gas industry con
ducts geological and geophysical (G&G) sur
veys of the unleased OCS lands to determine 
which, if any; blocks of the OCS are to be bid 
upon. This "presale" process is expensive and 
time consuming for oil and gas companies, but 
it is an essential step in deciding where to in
vest exploration capital. 

Since 1 982 ,  the Congress has used the 
appropriations process to adjust the 5-year 
program schedule through "moratoria" block
ing the DOl from conducting lease sales in cer
tain OCS planning areas. The first moratorium 
was placed on a Central and Northern Califor
nia lease sale because of environmental con
cerns. In subsequent years, additional areas 
were affected by moratoria as the OCS pro
gram became more politicized. Congress has 
included moratoria in every DOl appropriation 
since 1 982 , adding moratoria for the Mid- and 
North Atlantic , Southern California, Eastern 
Gulf of Mexico, North Aleutian Basin (Alaska), 
and Washington/Oregon OCS planning areas. 
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For companies that planned to invest in an 
OCS lease sale but were blocked by moratoria, 
the prelease costs for G&G data and planning 
overhead are sunk costs. There is also a lost 
opportunity cost of not being able to lease, ex
plore, and develop new oil and gas. 

In 1 984, the Congress added a new mora
torium on exploration drilling on existing 
leases in the Eastern Gulf of Mexico. Since 
then, such drilling moratoria have also been 
enacted in other planning areas. Companies 
holding and paying for existing leases under 
drilling moratoria cannot drill for a return on 
their investment or abandon the investment. In 
1 990, the President placed some of the more 
controversial OCS planning areas under an ad
ministrative moratorium. These areas are to be 
studied and reconsidered for leasing after the 
year 2000 . 

Besides the sunk costs and lost opportu
nity costs, the loss of access to OCS lands cre
ates uncertainty about investing in the OCS. 
The reduction in available acreage for explo
ration reduces the pace of offshore drilling 
which sends economic ripples through the 
OCS service industries. In turn, the slowdown 
in those industries affects their suppliers . 
Eventually; the effect of a moratorium is the loss 
of the equipment, expertise, and infrastructure 
to support E&P activities in an area. The loss of 
drilling capability has serious, long-term impli
cations for domestic energy production, im
ports of oil and the balance of trade, and the 
energy options available to the nation. Morato
ria even affect the revenues of the U.S. 'Iteasury 
through lost bonus bids, rents, and royalties. 

Other Initiatives Tllat Jl!fect E&P Costs 
and Access 
There are other laws or issues that add to 

the cost of domestic gas E&P by causing de
lays, requiring site-specific mitigation mea
sures, or changing new exploration opportuni
ties. Also ,  certain laws may block or limit 
access to public and private lands and the 
OCS. In some cases the laws do not absolutely 
prohibit activities, but they may make them so 
controlled or costly as to be impractical or un
economical. 

The following environmental initiatives fall 
into this category: 

• Coastal Zone Management Act of 1 972 
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• Marine Sanctuary Program (Marine Pro
tection, Research, and Sanctuaries Act of 
1 972) 

• Marine Mammal Protection Act of 1 972 

• Endangered Species Act of  1 972 

• Wetlands Protection (Clean Water Act 
1 977) 

• Comprehensive Environmental Response, 
Compensation, and Liability Act of 1 980 
and Superfund Amendments and Reau
thorization Act of 1 986 

• Oil Pollution Act of 1 990 

• Toxic Substances Control Act of 1 976  

• Naturally Occurring Radioactive Material 

Environmental Constraints and Im
pacts on Transmission and Storage 

The major environmental constraints fac
ing the transmission sector of the industry in
clude new Clean Air Act requirements and 
pipeline right-of-way access/permitting issues, 
with right-of-way access and permitting provid
ing the most serious obstacles to increasing the 
availability of natural gas. 

Clean Air Act Requirements 

The major Clean Air Act impacts on natu
ral gas transmission and storage facilities will 
be requirements for NOi controls along with 
hydrocarbon controls. New pipeline compres
sor stations will be required to have the most 
efficient , clean-burning prime mover (i.e. , in
ternal combustion engine and gas turbine) 
technology available, and existing stations may 
be required to undergo extensive retrofitting or 
replacement. In non-attainment areas along 
with advanced controls, enhanced emission off
set requirements will be required for the per
mitting of new or modified facilities. 

The Clean Air Act Amendments of 1 990 
modified the focus of ozone non-attainment 
strategies to include NOx as well as hydrocar
bon controls. The result will be a series of NOx 
control requirements developed at the state 
and local level via the development of State Im
plementation Plans (SIPs) . The actual level of 
control required will vary as a function of the 
severity of the local air quality problem and the 
local SIP strategy. Emission control require-



ments for existing facilities could range from 
moderate combustion modification approaches 
(modified heads on internal combustion en
gines and water injection on gas turbines, etc.) 
to advanced catalytic controls (i .e . , Selective 
Catalytic Reduction) . New or modified facilities 
that exceed 25 tons/year in non-attainment ar
eas ,  will have to install "Lowest Achievable 
Emission Rate" technology (i.e. , Selective Cat
alytic Reduction) , and purchase or fmd emis
sion offsets at levels greater than 1 to 1 (de
pending upon the severity of the air quality 
problem) for the NOx emissions they generate. 

The effect of these requirements, in same 
cases, will be to increase the cost of pipeline op
erations and potentially inhibit pipeline expan
sion within and into some parts of the country. 

Pipeline Right-Of-Way Access and 
Permitting Issues 

Existing regulatory requirements do not 
support the timely construction of new facili
ties. Regulatory and permitting delays fre
quently prevent pipelines from being market 
responsive. Environmental review and report
ing requirements significantly extend the regu
latory approval process for new construction. 
Additionally, filing of permit applications is 
problematic due to duplicative, and sometimes 
conflicting, filing requirements with numerous 
agencies. 

The net result of these delays is a loss of 
competitiveness and responsiveness to cus
tomer needs by the natural gas industry. As a 
consequence, energy consumers are drawn to 
other energy sources that are less environmen
tally attractive than natural gas, but that require 
less time and effort to install . Energy con
sumers tend to choose the energy alternative 
that provides what they want, when they want it , 
and at the price they want. The entire regula
tory process can create a market bias in favor 
of  less environment ally desirable energy 
sources, thereby increasing risk to the environ
ment by discouraging the increased use of nat
ural gas. 

The St. Petersburg/Hillsborough Connec
tor Project in Tampa, Florida, provides a good 
example of some of the regulatory challenges 
to constructing a new pipeline. This 36-mile 
project required 20 environmental permits (ex
clusive of construction permits) from more than 

9 different regulatory agencies. Wetland per
mits were particularly time-consuming to ac
quire because many wetland areas required 
multiple permits from multiple agencies. 

Coordination among regulators of new con
struction review and approval could expedite 
the construction of new facilities without diluting 
substantive environmental protections. Formal 
agreements among state and federal regulators, 
i .e . , "programmatic agreements" establishing 
coordinated or consolidated procedures for ad
dressing common and overlapping environmen
tal issues, could streamline the review and ap
proval process. These formal agreements could 
include conflict resolution procedures to expe
dite environmental appeal efforts. Such ar
rangements would reduce avoidable procedural 
delays, eliminate the risk of duplicative require
ments, and provide a mechanism for addressing 
conflicting regulations. 

Constraints and Impacts on the 
End Use of Natural Gas 

Volume III , Demand and Distribution, and 
its ten supporting regional reports, identify not 
only the environmental impacts, but also the en
vironmental advantages of natural gas for the 
end-use customer. The results of this analysis 
indicate that while natural gas can significantly 
contribute to the reduction of a number of im
portant pollutants, constraints do exist that inhibit 
the industry from fully serving the environmental 
market. The following discusses constraints for 
each of the key consumer sectors. 

Residential and Commercial 
Constraints 

The increased emphasis on environmental 
costs as a result of the Clean Air Act Amend
ments of 1 990 may provide an advantage to 
natural gas relative to electricity and other 
fuels. The advantages result from three basic 
factors: ( 1 )  an increase in the relative prices of 
alternatives to natural gas; (2) a direct prohibi
tion on some pollutants like chlorofluorocar
bons (CFCs) ; and (3) incorporation of environ
mental externality costs into the utility planning 
process. 

The biggest constraint in the residential 
and commercial area may be the lack of a 
united and aggressive industry effort to capital
ize on the environmental benefits of natural gas 
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with the American consumer. Opportunities 
exist in both customer education and in the de
velopment of new product applications and 
new technologies utilizing natural gas. 

Industrial Constraints 

Natural gas is used in the industrial sector 
both as a feedstock and as fuel for direct heat, 
steam,  and power generation.  The CAA 
Amendments present an opportunity for the 
gas industry to provide gas based Solutions to 
help industrial customers meet compliance re
quirements. In addition to helping minimize air · 
emissions, opportunities for reducing waste 
generation and minimizing future potential site 
remediation are also areas where gas offers 
significant help to industrial customers in meet
ing environmental requirements while at the 
same time remaining competitive. 

There is, however, a potential downside to 
Clean Air Act regulations, particularly for new 
or modified sources in non-attainment areas. In 
particular, Title I of the CAA Amendments re
quires that all new or modified sources emitting 
greater than 25 tons per year of NOxl in ozone 
non-attainment are as,  must undergo new 
source review, install ' 'lowest achievable emis
sion rate" controls,2 and purchase or find NOx 
offsets for the NOx they do emit. The downside 
for gas equipment is that what few emission 
they emit are produced on site at the facility. 
whereas the emissions that occur associated 
with a similar electrical applications occur at a 
generating plant that may be miles outside of 
an urban area and thus may have little direct ef
fect on the air quality of the area they serve. 
The end result is that gas equipment may be 
better from a global environmental perspec
tive, but electric equipment may be easier and 
cheaper to permit because they have little or 
no local emission offset requirements. 

Electric Generation Constraints 

Natural gas has important environmental 
advantages over competing fuels in the electric 

1 Boiler installations using greater than 400,000 
MCF per year and high temperature gas processes or fa
cilities using as little as 40,000 MCF per year could be af
fected. 

2 "Lowest achievable emission rate" controls are 
those technologies which are technically feasible with no 

consideration given to cost. 
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generation market because of lower emissions 
of SOx, NOx, CO, C02, and particulates. The 
major constraints on the use of natural gas in 
the electric generating sector are the direct re
sult of the merging of environmental regulation 
with public policy issues. The two big issues 
are state "environmental externalities" require
ments and government subsidies for other 
fuels. 

State Environmental Externalities 

Several state regulatory commissions and 
siting boards have begun requiring that elec
tric utilities take "environmental externalities" 
into account when developing their integrated 
resotirce plans. Requirements vary from state 
to state, but "externality" requirements gener
ally result in an advantage for natural gas com
pared to other fossil fuels, but create a disad
vantage when natural gas is compared to 
conservation and some renewable energy 
sources. 

Government Subsidies for 
Other Fuels 

The federal government and some state 
governments have adopted measures that sub
sidize energy sources that compete with natu
ral gas and thus tend to hold down demand. In 
the environmental area these include: 

• Tax reductions for electric utilities using 
indigenous coal supplies (e.g. , a $3 per 
ton tax credit in Vrrginia) 

• Statutes, regulatory requirements, and po
litical pressure encouraging electric utili
ties to install scrubbers so that they can 
continue to use indigenous coal rather 
than switching to natural gas or to a low
sulfur coal imported form another state 

• Federal payments for cleaning up uranium 
wastes (mill tailings) and other nuclear en
ergy wastes associated with commercial 
nuclear power projects. 

In addition to these major constraints, 
some utilities may find it economically more at
tractive to select alternatives to gas where capi
tal costs for controls may be projected over the 
lifetime of the technology. Some capital invest-· 
ments may also permit the utilities to gain more 
credits under the allowance system established 
in the Clean Air Act Amendments. 



NATURAL GAS AS A PREFERRED 
FUEL 

Environmental Benefits of 
Natural Gas as a Fuel 

Natural gas or methane is a clear, odor
less gas ( odorents are added for retail use) . 
Being the lightest hydrocarbon fuel, it burns 
easily with little or no smoke (soot or particu
late) and it produces the least amount of com
bustion C02 relative to other fossil fuels. 

Natural gas is generally recognized as 
having a number of important environmental 
advantages over other fossil fuels. These ad
vantages include: 

• Lower Combustion Emissions in Large 
Stationary Applications: 

- Virtually no sulfur. 

- No NOx emissions from fuel based ni-
trogen. 

- Extremely low particulate emissions. 

- No non-methane volatile hydrocarbon 
emissions. 

- 25 percent lower C02 emissions than oil 
and 49 percent lower than coal (Note: 
this advantage is offset somewhat by the 
fact that methane itself is considered to 
be a greenhouse gas with a potency 
factor greater than C02) .  

The value of natural gas in reducing S02 
and NOx emissions can be seen by look-

ing at Table 7- 1 ,  showing the national in
ventory for these emissions relative to 
other fuels. 

• Lower COz in Residential Applications. 
The American Gas Association study; Po
tential Carbon Dioxide Emissions Reduc
tions from Residential Space Heating Con
versions (April 1 99 1 ) ,  Jound that the 
conversion of less efficient conventional 
heating systems (low AFUE natural gas, 
fuel oil, and electricity) to new, more effi
cient natural gas systems can reduce C02 
emissions by as much as 7 5 percent. The 
study also concluded the following: 

- The annual C02 emissions attributable 
to a new, efficient natural gas space 
heating system in a home are approxi
mately 7 5 percent lower than that of an 
existing electric resistance heating sys
tem in the same size home, with elec
tricity supplied by power plants. 

- Converting existing fuel oil systems to 
new natural gas space heating can re
duce C02 by about 4 7 percent. 

- Converting an existing heat pump to 
new natural gas space heating can re
duce C02 by approximately 62 per
cent. 

- New natural gas space heating systems 
are about 50 percent better for the en
vironment than the new electric heat 
pump system. 

TABLE 7-1 

U.S. SOXINOX EMISSION INVENTORY BY FUEL TYPE - 1 980 
(Percentages) 

U. S. Fossil 
Energy 

Consumption SOx NOx SOx & NOx 

Natural Gas 30 Nil 1 5 7 
Coal 23 80 33 58 
Oil 23 1 8 28 23 

Total 1 00 1 00 1 00 1 00 

SOURCE: Gas Research Institute. 
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• Other Environmental Advantages: 

- No solid waste is generated at the 
user's site (compared to oil and coal 
ash and sludge) . 

- Pipelines have less visual impact than 
electric transmission lines ,  railroads , 
coal piles ,  and oil storage tanks, and 
they are not as noisy. 

- Much less severe environmental im
pacts from leaks and spills .  

- Fewer operating problems and there
fore fewer emissions from operational 
upsets. 

PUBLIC POLICY AND 
PERCEPTION ISSUES 

Environmental Politics 

The public, including many of its govern
ment institutions, has a general mistrust of busi
ness and particularly the energy business . 
Natural gas production is associated with oil 
production, and carries with it the burden of 
prior oil politics as well as highly publicized 
environmental incidents such as crude oil 
spills. Underlying this lack of trust is a basic 
feeling that the oil industry does not have the 
same values and respect for the environment 
as the public. Industry information on environ
mental matters is generally suspect, diminish
ing overall effectiveness. Some governmental 
agencies, particularly in the producing states, 
are seen as too close to the industry and are 
also suspect as sources of credible information. 

Legislative and regulatory processes, be
cause they are often confrontational and proce
durally committed to airing every concern and 
giving every opportunity to be involved in the 
process, are very slow and costly. This system 
is heavily tilted toward environmental activism 
by allowing indefinite delays of energy projects. 

Little recognition is given to the environ
mental benefits of natural gas or its benefits to 
the economy in producing jobs, tax revenues, 
and energy security. 'Traditional economic reg
ulation has often put natural gas at a disadvan
tage by not recognizing its environmental ben
efits. Some states have intentionally skewed 
regulation that might otherwise favor natural 
gas but could diminish the use of locally abun
dant industries like coal; for instance, subsi-
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dies and/or requirements for electric utilities in 
coal-producing states for installation of scrub
bers to meet clean air requirements and tax in
centives for utilities that burn indigenous coal 
provide an advantage to coal over natural gas. 

An area of increasing influence at the state 
level involves an age-old concept-NIMBY (Not 
In My Back Yard)-that has been successfully 
extended to environmental regulation. For ex
ample, the addition of gathering and storage 
facilities to an area may be opposed by the 
public because they are unsightly. State regu
lators may then restrict the addition of such fa
cilities in order to appease opponents. In order 
to keep the existing facilities from garnering 
monopolistic rents due to restricted completion 
because of NIMBY complaints, such facilities 
may now become regulated. The San Juan 
Basin is one example of an area where, despite 
its abundance of natural gas and a great need 
for production wells and gathering facilities, the 
unintended consequences of restricted well 
and gathering facilities under the guise of envi
ronmental regulation may be to squelch pro
duction of natural gas. 

The impacts of the regulatory process are 
not fully appreciated by regulators, legislators, 
or the general public. Inadequate considera
tion is given to the impact on industry of over
lapping regulations, lack of clear definition of 
jurisdiction by the various regulatory bodies, 
and inconsistent energy policy among the vari
ous elements of government. 

Compliance with environmental regula
tions continues to be an ever increasing com
ponent of the cost of natural gas. Environmen
tal regulations are affecting more and more 
aspects of gas operations, and some of the in
creasingly complex requirements may even 
exceed technologic practicability or possibil
ity. In certain instances, compliance with reg
ulations that protect one medium, like water, 
may affect the industry's ability to comply with 
regulation to protect other media, like land 
and air. Such cross-media effects are only be
ginning to be recognized by government reg
ulators. Environmental requirements under 
some laws may have reached, and gone be
yond, the point of diminishing returns, where 
the costs of achieving small increments of en
vironmental improvement outweigh the bene
fits realized. 



These factors highlight the need for a co
herent government approach to environmental 
regulation to access the cumulative effect of all 
environmental regulation on the industry. In 
addition, the need exists for a consistent uni
form mechanism to adequately balance the up
stream costs and benefits of these regulations 
along with an analysis of the downstream bene
fits of natural gas. 

Environmental Externalities 
A number of states are attempting to re

quire electric utilities to take ' 'environmental ex
ternalities" into account when they make their 
resource decisions. State regulatory commis
sion requirements that electric utilities prepare 
Integrated Resource Plans (IRPs) are the vehicle 
for requiring consideration of "environmental 
externalities: '  This movement offers a potential 
opportunity; and some risks, for expanding nat
ural gas markets. Efforts to include "environ
mental externalities" in IRP decisions are well 
underway in several states with Massachusetts, 
New York, California, Illinois, Colorado, and 
Nevada among the leaders. Some local gas 
companies have already participated actively in 
proceedings (e.g. , Boston Gas in Massachusetts 
IRP dockets 89-239 and 9 1- 1 3 1 ) .  

The Conceptual Basis For "Environmental 
Externalities." Economists have long con
tended that all the real costs and benefits to so
ciety of actions taken by individuals or organi
zations often are not reflected in the price paid 
by consumers of the products and services that 
are consumed. The "environmental externali
ties" movement in IRP requirements uses the 
economists' concept but focuses on the envi
ronmental impacts associated with the produc
tion of electricity. 

The Controversies Surrounding "Environ
mental Externalities." The application of "en
vironmental externalities" has raised a number 
of key public policy issues ,  the most con
tentious of which is centered around the as
signment of monetary values to "environmental 
externalities" and the requirement that these 
"adders" be included when considering alter
native supply-side (e .g. , new or repowered 
generating capacity) and demand-side (e.g. , 
conservation and load management) actions 
necessary to bring projected electricity de
mand and generating capacity into reasonable 
balance at lowest cost to electric customers 

(which is the underlying rationale for IRPs) . 
The critic al decision facing regulators is 
whether these values should be based on 
damage (i .e . , to human health, environment , 
etc.) or cost of control (i .e. , to reduce emissions 
suspected of causing damage) . 

Other important issues in the "environ
mental externalities" debate include how far 
back up the chain toward the source you go 
(i.e. , the coal mine, the wellhead, etc.) and what 
is included in the analysis (i.e . ,  do you include 
the emissions from the steel used to make the 
trucks to haul the coal, or do you just include 
the transportation emissions?) . 

"Environmental externalities" have the po
tential to create increased opportunities for nat
ural gas because of its "clean-burning" charac
teristics.  But within the concept are some 
issues that need to be recognized and man
aged carefully if the natural gas industry if to 
take advantage of the opportunity. These is
sues include: 

• Concern and often open opposition to 
"environmental externalities" by the elec
tric utilities, a large potential customer for 
natural gas 

• Energy conservation and some renew
abies tend to have an advantage over nat
ural gas when externalities "adders" are 
taken into account 

• Methane is recognized as a "greenhouse 
gas" with more potency than C02. 

A subset of the issue of "environmental 
externalities" is the issue of energy conserva
tion and the use of other fuels to replace non
renewable hydrocarbons. There will likely be 
continuing efforts to decrease U.S. dependence 
on, and demand for, oil and even gas as fuels. 

The final section of this chapter outlines 
recommendations for government and industry 
on the subject of "environmental externalities:· 

Decentralized, Market-Oriented 
Approaches 

A decentralized ,  market-oriented ap
proach is beginning to develop as an alterna
tive to the 1 97 0s and 1 980s command and 
control approach to environmental legislation 
and regulation. The marketable emission 
rights component of the 1 990 Clean Air Act 
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Amendment's acid rain control program is an 
example of this technique. Reduction targets 
for emissions of various pollutants are set and 
industry is left to find the best ways of curtail
ing emission. The targets are met by facility 
modification or by purchasing credits from 
other facilities that exceed their target reduc
tions and thereby generate surplus emission 
credits. The concept, long promoted by indus
try, is gaining favor with regulatory agencies 
as the incremental cost of new control mea
sures continues to escalate since market
based systems create the driving force and al
low industry to cre ate optimum emission 
control solutions (i.e. , minimum cost per unit of 
pollution abatement) . 

EMERGING ENVIRONMENTAL 
ISSUES 

Global Climate Change 

Global climate change caused by the 
gradual buildup of carbon dioxide, methane, 
and other greenhouse gases is an issue of 
growing public policy and scientific debate. As 
the debate continues, it may serve as a driving 
force for legislation and regulation to minimize 
the consumption of fossil fuels with preference 
given to those fossil fuels that minimize the 
emission of these gases. 

Natural gas is the lowest emitter of com
bustion carbon dioxide, but it is itself a green
house gas which may draw attention to mini
mizing emissions from production transportation 
and storage. There are few reliable, objective 
data on the question of methane emissions. 
The Gas Research Institute has initiated an ag
gressive program with the Environmental Pro
tection Agency to develop reasonable esti
mates of the leakage of methane during the 
production and transportation of natural gas. 
Based on data gathered to date, a total of about 
1 percent of total gas production escapes into 
the atmosphere.3 Natural gas operations ac
count for only a small fraction of world methane 
emissions and ranks after the following other 
sources: natural wetlands, animals, biomass 

3 Robert A. Lott (Gas Research Institute), Methane 
Emission from U.S. Natural Gas Operations, Abstract pre
sented at the Nordic Gas Technology Center's Confer
ence on Natural Gas and the Environment, Copengagen, 
September 1992. 
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burning, rice paddies ,  landfills , termites ,  
methane hydrates, waste water, oceans and 
fresh water, and coal. 4 

· Bio-diversity 

A very clear trend in environmental law 
and regulation will be the focus on ecological 
protection and bio-diversity rather than just pro
tecting individual resources. This more holistic 
approach is being promoted to protect ecologi
cal systems and to preserve, for scientific re
search and study; all of the lifeforms in those 
systems. Bio-diversity will have its biggest im
pact on permitting and assess issues. 

RECOMMENDATIONS TO 
ADDRESS THE ISSUES 

Recommendations for Government 

Recommendation 1 - Legislative and 
Regulatory Policy and Practices 

The rapid urbanization and the continued 
industrialization of the country; coupled with 
perceived historical poor performance of both 
government and industry; has created a climate 
for overregulation and limits on access that of
ten exceeds what would otherwise be dictated 
in a balanced, scientific evaluation of the issue. 
In most cases, the downstream benefit (i.e. , the 
net environmental benefit) of natural gas is of
ten not included in the public policy debate on 
upstream environmental issues. 

The solution is for government, at all levels, 
to create a balance between costs and benefits 
in .the legislative and regulatory process for en-

4 Gas Research Institute, Global Climate Change: A 
Gas Industry Program on Global Climate Issues, July 1990. 



vironmental and access issues affecting the nat
ural gas industry. This includes the direct 
recognition of the, environmental benefits of nat
ural gas as a clean burning fuel. A balanced 
approach will ensure adequate protection of the 
environment while minimizing the financial im
pact on industry and provide access to the 
available resources. Specific recommendations 
for government are outlined below and dis
cussed in more detail in Volumes n through V. 

Implementing Items 

Legislative and Regulatou Balance 

1 .  Extend (or reintroduce) the federal regu
latory moratorium to review and modify 
the current regulatory and permitting pro
cess by: 

- Monitoring the effects of regulatory sta
bility 

- Developing accepted methodologies 
for developing cost-benefit information 

- Researching the cost and benefits of 
current regulations 

- Developing methodologies to bring bal
ance to permitting and access issues 
(see Volume II , Source and Supply) . 

2 .  Modify the legislative and regulatory pro
cess to ensure that cost-benefit analyses 
are completed and the net environmental 
benefits of natural gas are included in the 
decision making process (see Volume II , 
Source and Supply) . 

3. Insert cost-benefit analysis into federal 
and state regulatory decision making in 
FERC and state public utility commissions 
(see Volume II , Source and Supply) . 

Permitting and Access 
4. Develop an approach to leasing and per

mitting to ensure access to prospective 
acreage for prudent , environmentally 
sound exploration and development pro
grams. This includes a reevaluation of 
acreage currently under moratoria as 
their terms expire. 

5. Modify federal leasing programs so that 
successful bids that are based on ac
cepted environmental guidelines would 
come with drilling permits or otherwise 

reduce lessees' exposure to the risk that 
changes in environmental laws and regula
tions can hinder exploration and produc
tion on their leases (see Volume II , Source 
and Supply) . 

6. Modify the OCS Lands Act to share some 
of the current federal revenue with local 
jurisdictions (see Volume II , Source and 
Supply) . 

7 .  Expedite the review and approval process 
for new pipeline projects at the federal, 
state, and local levels without diluting sub
stantive environmental protection (see Vol
ume IY, 'Iransmission and Storage) . 

End-Use Restrictions 

8. Develop a technically based and balanced 
approach to designing and implementing 
the new regulatory requirements under 
the 1 990 Clean Air Act Amendments. 

9 .  Government , at all levels, should move 
forward cautiously with the use of environ
mental externalities until they have care
fully researched methodologies and have 
developed a well thought out approach for 
implementation. 

Reconunendations Cor Industry 

Recommendation 1 - Environmental 
Technology 

• Technical Data. Industry has historically 
believed that it is government's role to de
termine the need for environmental legis
lation or regulation and develop technical 
data for comprehensive cost-benefit analy
ses. As a result, industry's participation has 
been often more as a reactive critic rather 
than as a contributor or as a collaborator. 

1 45 



As government budgets tighten and the 
complexity of environmental issues in
creases, it is becoming more and more dif
ficult for legislative or regulatory staffs to 
develop adequate cost-benefit analyses 
and other technical and scientific data re
quired. The government simply does not 
have the human and financial resources nor 
an adequate knowledge of industry to do 
the job with the level of accuracy neces
sary. This is not a criticism but a fact. It is 
no longer an issue of who has the legal re
sponsibility to ensure that creditable analy
ses are done. The issue is how the neces
sary work can be done to ensure that 
informed decisions are made so that natu
ral gas can play an important role in the na
tion's energy future. 

• Research and Development. In determin
ing the level of control or the type of envi
ronmental controls necessary; industry has 
historically deferred to government to 
identify "Best Available Control Technol
ogy" or "Lowest Achievable Emission 
Rate: ·  In fact, industry has often taken safe 
harbor in arguing that proposed controls 
are not currently demonstrated technology. 
The result has been in effect the delega
tion of the technology; and therefore the 
level of control, to either inexperienced 
regulators, their consultants, environmental 
groups, or some third-party entrepreneur, 
none of whom understand industry's con
straints or have a vested interest in the 
profitability of the industry. This approach 
has created a confrontational regulatory 
development process that results in at best 
a negotiated compromise that is often po
litically driven, inefficient, and more often 
than not, excessive. 

The solution to the above problems is to 
increase industry's involvement in developing 
cost-benefit and other technical and scientific 
information on the environmental issues that 
impact the natural gas industry and refocus in
dustry and government environmental R&D ef
forts on Pollution Prevention and the develop
ment of more innovative and cost-effective 
environmental solutions. Throughout this dis
cussion it is important to note that there are 
also important opportunities for government to 
partner with industry in many of these recom
mendations. 
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Specific recommendations are outlined 
below and discussed in more detail in Vol
umes II through V. 

Implementing Items 

Technical Information 

1 .  Initiate an industry/government sponsored 
project to develop a methodology for do
ing cost-benefit evaluations and document 
the results in a "How To" manual for in
dustry, government, and public use. Par
ticipants in the project should be drawn 
from industry; government, and the envi
ronmental community (see Volume I I ,  
Source and Supply) . 

2 .  Based upon the output from Item 1 above, 
enhance the natural gas industry's capa
bility to develop credible and timely cost
benefit and other technical data on both 
upstream (exploration and production) , 
transmission (pipeline) , and downstream 
(consumer/user) environmental issues. 
These analyses would address not only 
the absolute cost benefit of the specific is
sue (i.e. , the direct costs verses environ
mental benefits) , but would also include 
the net environmental benefit of the use of 
natural gas relative to other fuels (see Vol
ume II , Source and Supply) . 

3. Gather the technical information and 
knowledge necessary for the natural gas 
industry to develop a strategy for dealing 
with environmental externalities. This in
cludes reviewing and monitoring work al
ready in progress as well as any original 
work that might be necessary. 

E:Kamples of key issues include: 

• Methodologies for assigning values to 
environmental adders. 

• The role of methane in the ongoing 
global climate change debate. 

Research and Development 

4. Refocus industry environmental R&D ef
forts toward Pollution Prevention to de
velop more innovative and cost-effective 
solutions to environmental problems (see 
Volume II, Source and Supply) . 



Examples include developing techniques to: 

• Minimize methane emissions from E&P 
operations, transmission and storage , 
and end use. 

• Develop emission control and retrofit 
technology for c ompressor prime 
movers (i .e . ,  I .  C. Engines and Gas Tur
bines) , and more efficient , cleaner 
burning new prime movers, to meet in
creasingly stringent emission require
ments (see Volume IV. Transmission 
and Storage) . 

• Reduce NOx emissions from natural 
gas vehicles to levels that are competi
tive with other low emission transporta
tion fuels. 

Recommendation 2 - Education and 
Communication 

The public view of the role of natural gas 
in the national energy mix is currently clouded 
by a number of misconceptions about the 
safety and environmental benefits of natural gas 
and a generally poor industry public image. 

The pubic misconceptions about natural 
gas vary regionally depending upon how 
widely gas is currently being used and how 
aggressive negative advertisements are for 
competing fuels. In areas like the west , where 
gas is a "natural" part of everyday life, safety is 
not an issue and the existing paradigm gladly 
accepts the role of gas as an intrinsically clean, 
efficient , convenient , and safe energy source. 
In the east , where gas is less prevalent and the 
existing paradigm includes a much higher re
liance on electricity, oil, and coal, the public's 
comfort level with the use of natural gas is 
much lower. The problem is often exacer
bated by negative advertising by competing 
industries. 

The environmental benefits of natural gas 
are not very well understood by the general 
public . In the west , natural gas is marketed 
widely as a "clean" fuel, but the public's per
ception is more from a housekeeping point of 
view than from an environmental point of view. 
The general public has not made the environ
mental connection yet. In the east , where natu
ral gas is less familiar, the problem is even 
more severe. In the last five to ten years, gov
ernment and the natural gas industry have 
failed to aggressively develop the potential nat
ural partnerships and/or coalitions with con
sumer and environmental interest groups to 
take maximum advantage of the environmental 
benefits of natural gas. 

The oil and natural gas industry con
tributes to its image problem by its general be
havior. It is a predominately inwardly focused 
industry that traditionally makes decisions from 
the perspective of scientists and engineers 
rather than looking more outwardly and factor
ing in the goals, needs, and expectations of an 
ever changing public. This behavior is often 
viewed by the public as arrogant . This per
ceived arrogance coupled with periodic events 
such as spills and releases has resulted in the 
industry's poor public image. 

The solutions to overcoming the public's 
misperceptions will hinge upon future industry 
performance and the ability of the industry to 
carry its message to the public through en
hanced and innovative education and outreach 
programs. Throughout this discussion, it is im
portant to note that there are also important op
portunities for government to partner with in
dustry in many of these recommendations. 

Specific recommendations for enhanced 
education and outreach programs are outlined 
below and discussed in more detail in Volumes 
II through V. 

Implementing Items 

1 .  Initiate an industry/government project to 
develop methodologies and tools for de
veloping education and communication ef
forts to market the role of natural gas in a 
balanced but comprehensive energy con
servation, pollution prevention, and energy 
development program. The project team 
should include representation from all po
tential target audiences and/or rely heavily 
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on "client feedback." The methodology 
would be documented in a "How To" 
and/or training manual for industry and 
government use (see Volume II , Source 
and Supply) . 

2 .  Based upon the work product from Item 1 
above, develop an education and commu
nication effort to market the role of natural 
gas in a balanced but comprehensive en
ergy conservation, pollution prevention, 
and energy development program (see 
Volumes II through V) . 

3. Form a joint, industry, government, and en
vironmental group coalition(s) to develop 
new ideas and concepts to facilitate com
promise and progress rather than contin
ued confrontation. Increase participation 
in existing public advisory committees 
created to provide input into the legislative, 
regulatory; and permitting process (see 
Volume II, Source and Supply) . 

4. Work with the Federal Energy Regulatory 
Commission and other federal, state, and 
local agencies to expedite the review and 
approval process for new pipeline pro
jects without diluting substantive environ
mental protections (see Volume IV; Trans
mission and Storage) . 

Recommendation 3 - New Tech
nology and Innovative Industry 
Strategies 

Like most businesses, the natural gas in
dustry has traditionally planned and facilitated 
its activity through traditional business, engi
neering, and scientific processes without signif
icant evaluation (other than natural gas con-
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sumption) of the goals, needs, and expecta
tions of the general public. Consequently; the 
"public; ·  which can significantly impact gas de
velopment through the government permit pro
cess, often stands in the way of new projects 
and demands to be included in the decision 
making process. The basic objective under 
this recommendation is to develop and main
tain a better understanding of the public's ex
pectations for the gas industry relative to envi
ronmental issues and to utilize this knowledge 
for the following purposes: 

• Develop more effective industry advocacy 
strategies and positions on environmental 
legislative and regulatory initiatives 

• Design new development projects that 
meet not only industry's needs, but also 
the needs and expectations of the public. 

In many respects this recommendation 
draws on one of the key elements of the "qual
ity" movement that is currently sweeping the 
country's business community. That is, know 
your customers and design your business 
strategies to meet their needs and expecta
tions. It represents a new approach to manag
ing environmental issues, and it is an opportu
nity to create innovative solutions to emerging 
problems while at the same time developing 
business opportunities for the industry. 

The following items are examples of the 
kind of innovative or "breakthrough" thinking 
we are trying to convey. In some cases, the ex
amples are concepts that are currently being 
tried successfully in other industries; in other 
cases, they are merely the product of a brain
storming process. The recommendations are 
not intended to automatically apply; may not al
ways be necessary or effective for all situations 
or for all parts of the country; and more imp or
tantly; should not be mandated by federal, 
state, or local governments. The goal is to im
prove the efficiency of the process where it is 
not working well, not to increase costs where 
things are working well. Part of the implemen
tation process for this recommendation would 
include a critical analysis of the local, regional, 
and/or national situation before developing a 
specific strategic action plan. 

The specific recommendations are item
ized below and discussed in more detail in the 
subsequent volumes of this report. 



Implementing Items 

1 .  Develop new and innovative approaches 
to integrate constructive public input into 
the project development and permitting 
process. 

Examples include using community 
"thought leaders" as project consultants 
and/or adapting the negotiated rule-mak
ing process for use in permitting and ac
cess issues (see Volume II , Source and 
Supply, for more detail) . 

2 .  Develop and/or participate in innovative 
cooperative community programs to cre
ate partnerships with local government 
and community interest groups. 

One example would be to support com
prehensive integrated community energy 
development, conservation, and manage
ment programs that would encourage en
ergy conservation/efficiency measures , 
transportation control measures (ride
sharing, etc.) , improved public transporta
tion, natural gas vehicle fleets (public and 
private) , and energy development oppor
tunities. This approach would align natu
ral gas development with local or regional 
energy management needs, while creat
ing opportunities to promote the use of 
clean burning natural gas (see Volume II , 
Source and Supply). 

3. Improve the integration of environmental 
issues into strategic business planning 

and decision-making processes (see Vol
ume II,  Source and Supply) . 

One example would be to improve the 
methods used to account for environmen
tal constraints in the industry's fmancial 
decision-making process. 

4. After gathering the appropriate technical 
data (outlined under Industry Recommen
dation Number 1 above) , determine 
whether it is necessary to develop a natu
ral gas industry strategy on environmental 
externalities. 

5. Develop a united natural gas industry 
strategy for promoting the use of natural 
gas vehicles (NGVs) . 

Examples include promoting the use of 
NGVs in fleet applications both inside and 
outside the industry, and supporting vehi
cle manufacturers in their efforts to stan
dardize and mass produce NGVs. 

6. Develop direct business opportunities for 
the natural gas industry by developing 
new or adapting existing products, pro
cesses, and services to meet the needs of 
the American consumer (see Volume III , 
Demand and Distribution) . 

Examples include combined natural gas 
heating and cooling for residential and 
commercial use, home refueling capabili
ties for NGVs, assisting customers obtain 
environmental permits, etc. 
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OVERVIEW 
The natural gas industry consists of four 

main segments-producers, transmission com
panies ,  distribution companies ,  and con
sumers. Advances in technology have been a 
part of the industry since its inception. In fact , 
the use of gas in street lighting was a major 
technological advance, and is generally cred
ited with the beginning of the industry. Contin
uing technological advances have allowed the 
industry to become a significant contributor to 
the national energy supply. 

In the production sector, technological ad
vancement has brought new resources into the 
accessible resource base through deeper 
drilling capabilities, deeper water drilling and 
production capabilities ,  improved recovery 
from known reservoirs, new knowledge associ
ated with tighter (lower quality) reservoirs, and 
knowledge of  how to produce coalbed 
methane to name only a few examples. These 
advances have served to offset the normal de
pletion of high quality resources from the re
source base and made it possible to provide 
adequate supply with competitive prices. 

Technology advancement in the transmis
sion and storage areas have allowed gas to effi
ciently serve new markets ,  attach new fields 
and reservoirs, and manage large se asonal 
fluctuations in demand. 

Technological improvements in the en
ergy efficiency of gas-fired appliances and pro
cess equipment are among the reasons total 

gas use declined even with the addition of new 
customers. 

The outlook for natural gas depicted by 
this study is predicated on the continual devel
opment of technology in the producing seg
ment , increased use of technology improve
ments in the transmission and distribution 
segments, and significantly improved commer
cialization of technology developed for the 
end-use segment of the natural gas market . 
Continued technology development in the sup
ply segment is needed to help ensure the con
tinued availability of supply capability at a com
petitive price. The technology advancement 
and commercialization in the end-use sector 
are needed to provide continual progress in 
equipment efficiencies to keep pace with other 
industries to maintain eXisting markets, and to 
develop new equipment to capture additional 
markets. All of this technology development 
and commercialization requires investment . 

The primary issue facing the gas industry is: 

In 1 992 ,  the total research and develop
ment (R&D) investment in natural gas technol
ogy development was estimated to be $750 mil
lion, with companies and associations providing 
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$656 million or 87 percent. About $440 million 
of this investment is risk capital while the rest is 
funded either directly by the federal govern
ment or re covered from rate payers , e .g. , 
through the FERC-approved funding of the Gas 
Research Institute (GRI). 

While the industry has been successful in 
developing technology, it has achieved only 
limited commercial success in the end-use 
technologies. There are many reasons for this 
failure, but the primary one is the regulated na
ture of the. industry at the interface with the 
consumer. 

Due to this separation of the customer 
from the service provider, commercialization 
has been identified as a major limitation to the 
potential for increasing the natural gas contri
bution to the national energy mix. Conse
quently, the commercialization issue can be 
summarized as: "What incentives can be cre
ated to enhance investment in commercializa
tion when the benefits are limited for the regu
lated segments of the industry?" 

While investment by the producing seg
ment will likely continue, there is concern that 
the level of this activity might be adversely im
pacted by the current economic conditions, es
pecially natural gas prices, and the industry 
downsizings. Thus, the issues facing this seg
ment are:  ( 1 )  With the majors undergoing re
structuring programs and focusing their invest
ment programs on international operations, will 
adequate investment in natural gas supply re
lated R&D continue? and (2) With the indepen
dent sector growing its share of domestic natu
ral gas production, how can technology transfer 
programs be enhanced to ensure the contin
ued technology advancement? 

While each of the industry segments is 
heavily impacted by technology results, each 
is driven by different forces relating to technol
ogy development. However, the industry sup
ports a fundamental premise for the funding 
of R&D. 
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Recommendations 

In order to address the issues of adequate 
funding for the research, development , and 
commercialization and significantly increasing 
success in end-use commercialization efforts 
necessary to support the underlying techno
logical advancement embodied in this study. 
the National Petroleum Council makes the fol
lowing recommendations to individual compa
nies in the industry. industry associations like 
the GRI and the American G as Association 
(AGA) , and government agencies at both fed
eral and state levels. 

Industry 

Each segment of the industry must en
sure that the economic use of its own technol
ogy is a priority for its own facilities and oper
ations in order to provide the demonstration 
sites necessary for commercialization efforts 
and to demonstrate its belief in these tech
nologies and is communicated in its public 
presentations. 

Individual companies must become com
fortable with the investment in R&D and com
municate with the market its benefits. 

Industry segments must recognize the in
herent limitations of a regulated structure and 
devise mechanisms to allow the benefits of 
R&D to flow to the investors. 

Establish a mechanism to fund a research 
association, like the GRI, without generating 
any competitive advantages or disadvantages. 

Associations 

The associations like the Gas Research In
stitute need to fmd ways to ensure commercial
ization of their developments. 

Industry trade associations should focus 
most of their efforts on the market segment act
ing as a constraint, i.e. , supply or demand, and 
continue to intensify their communication cam
paigns aimed at educating the public, law mak
ers, and regulators. 

A broad-based industry association, such 
as the Natural Gas Council, should undertake a 
study of the commercialization issue with the 
objective of developing recommendations to 
overcome the limitations on commercialization 
efforts. 



Federal Government 

Recognizing the new perception of an 
abundant natural gas resource base and the 
cost and environmental benefits of natural gas, 
the National Petroleum Council proposes that 
the federal government through agencies within 
the Department of Energy (DOE) and the De
partment of Interior (DOl) expand its gas sup
ply R&D effort providing a more balanced dis
tribution between coal and natural gas. 

Specifically, the federal government 
should: 

• Target a sustainable research, develop
ment, and demonstration investment pro
gram level of about $250 million per year 
in natural gas as an appropriate level to 
achieve the technology advancement 
needed to allow natural gas to expand its 
contribution to the national energy �ix. 
This level is consistent with the supporting 
documentation of the recent National En
ergy Strategy, and several recent studies 
including those by the Washington Policy 
Analysis Group1 and the American Gas 
Association. 2 

• Direct the DOE, in concert with industry 
and regulators, to review the limitations on 
commercialization efforts caused by a 
cost-based regulation system. 

• Continue to increase efforts to develop 
new ways to sponsor cooperative re
search projects with industry partici
p ants-with p articular emphasis on 
achieving increased participation by inde
pendent producers. 

• Allow companies ,  particularly smaller 
companies, to participate through in-kind 
contributions that are defmed as accept
able under federal procurement rules and 
regulations. 

• Support the fundamental premise that pri
vate industry should be the flrst source of 
funding for R&D investment by focusing 

1 William F. Martin and Scott L. Campbell, partners, 
U.S. Natural Gas: An Investment Strategy for Energy and 
Environment, a research report of Washington Policy 
Analysis, A Miller & Chevalier Consulting Group, 1992, 
page 14. 

2 American Gas Association, Ten Year Funding 
Recommendation by the Natural Gas Industry - Program 
Descriptions, August 199 1 ,  page v. 

government investments on areas recom
mended as appropriate by industry. 

• Continue to increase its coordination 
efforts with industry organizations and 
associations. 

• Ensure that regulations for government 
installations do not restrict natural gas 
usage. 

• With industry participation, explore the 
support for longer range, more basic re
search while maintaining a high degree of 
practicality. 

• Make cost-effective environmental com
pliance technology development a top 
priority. 

• In cooperation with industry and estab
lished industry associations, pursue more 
aggressive technology transfer programs 
such as sponsoring more DOE-funded 
projects and workshops. 

• Continue to support ongoing research, 
such as that undertaken by the GRI. 

State Government 

At the state level, Public Utility Commis
sions (PUCs) should: 

• Recognize the inherent limitations of a 
regulated structure and devise mecha
nisms to allow the benefits of R&D to flow 
to the investors. 

• Become comfortable with the need for in
vestment in R&D, its long-term nature, and 
the nature of benefits  from the invest
ment-i.e. , slow and gradual. 

CURRENT NATURAL G.AS RELATED 
R&D INVESTMENT 

The natural gas industry requires a robust 
research and development program spanning 
all aspects from supply through end use. For 
1 992,  estimated R&D investment was $750 mil
lion, with companies and associations providing 
$656 million or 87 percent. (See Table 8- 1 .) 

The information for producers and service 
companies is estimated from a detail survey of 
R&D expenditures in the exploration and pro
ducing sector of the industry for the years 1 988 
and 1 992 conducted by iCF Resources, Inc. , for 

1 53 



TABLE 8-1 

NATURAL GAS TECHNOLOGY DEVELOPMENT 
1 992 GAS-RELATED R&D INVESTMENT 

(Mill ions of Dollars) 

Supply 

Companies 

Producers $222 
Service Companies 1 1 3 
Transmission Companies 0 
Distribution Companies 0 
Equipment Manufacturers 5 

Subotal $340 
Associations 

GRI $55 
Other 0 

Subtotal $55 

.Government 

DOE $1 3 

Total $408 

the NPC. While the survey asked for expendi
tures to be identified as oil or gas related, due 
to the extreme difficulty in allocating R&D in
vestment between oil and gas, more than 60 
percent of the expenditures were reported as 
unallocated. The above estimate allocated 
these by assuming an equal distribution be
tween oil and gas. The resulting value is simi
lar to information developed by the GRI. The 
actual survey report is included in Appendix L 
of Volume II, Source and Supply. 

The estimates for the other companies 
were provided by the GRI. 

The data for the DOE were extracted from 
their report Natural Gas Strategic Plan and 
Multi-Year Program Crosscut Plan FY 1 993-1998, 
April l 992 , pages 2-3. 

In 1 992, most investment in the exploration 
and production segment of the natural gas in
dustry was provided by private companies. 
When 1 992 is compared with the 1988 informa-
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Trans. Distrib. End Use Total 

$0 $0 $0 $222 
0 0 0 1 1 3 
1 0 0 1 
0 9 34 43 
2 2 95 1 04  

$3 $1 1 $129 $483 

$1 7 $1 3 $81 $1 66 
4 1 2 7 

$21 $14 $83 $173 

$0 $0 $81 $94 

$24 $25 $293 $750 

tion in the detail survey, it is clear that this has 
been the case for several years. Further, it is 
likely that it has been true for most of the indus
try's history. The market mechanism has 
proven to be very capable of providing good 
direction and allowing this sector to recognize 
the benefits of its investment. The segment has 
responded very strongly to these signals. 

The end-use sector has received the bulk 
of the rest of the industry R&D investment with 
approximately equal contributions from the in
dividual companies, the GRI, and the federal 
government. All of these segments combined, 
however, invest less than half the total, and it is 
recognized that commercialization of con
sumer technologies has been limited. 

Natural Gas R&D Investment by 
Local Distribution Companies 

Local distribution companies (LDCs) con
duct research targeted primarily at operations 



and. end use. Operations research seeks to im
prove safety and productivity; or to otherwise 
lower the costs of operating and maintaining 
the gas distribution facilities and infrastructure 
owned by the LDC. End-use research is mainly 
targeted at maintaining or building additional 
gas demand for the LDC by developing im
proved and advanced gas utilization equipment 
for use by customers. These customers are 
also rate payers protected by a regulatory 
structure administered by a PUC. 

The current regulatory process requires 
an LDC to support expense levels, including 
R&D, before these expenses can be included in 
the rates charged to consumers. Many inter
veners, especially those that represent residen
tial consumers, small businesses, and large in
dustrial customers, participate in the regulatory 
proceedings. These interveners, as well as the 
PUC, will test the purpose and level of any ex
penditure by attempting to measure, in some 
manner, the benefits accruing to their clients as 
a result of a utility incurring that expense . 
Therefore, an LDC's cost recovery is generally 
restricted to R&D programs that can readily 
demonstrate benefits to consumers. 

Historically, state PUCs have accepted 
federally approved rate levels and have allowed 
LDCs to pass these costs on to their customers. 
Thus, the charge included in an LDC's gas cost 
from its gas supplier for the funding of the GRI 
has generally been allowed cost re :overy with
out major debate. 

Local residential consumer advocates are 
currently intervening and actively participating 
in the debate on GRI funding at the federal 
level. Their arguments mirror those on the 
state level-i.e . ,  what are the benefits that will 
result to residential consumers as a result of 
GRI funding? If the formula is modified to allow 
collection by means of pipeline direct billings 
to LDCs or pipeline reservation surcharges, 
these advocates may attempt to have state pub
lic utility commissions deny pass through or re
covery of the GRI charge at the state level. 
These advocates, and some state regulators ,  
are opposed to any changes in the GRI funding 
mechanism that have the effect of reducing the 
amount of GRI funding from interruptible cus
tomers and increasing the burden on finn cus
tomers. 

This study used focus groups consisting of 
representatives from 1 5  key industry groups, 
including regulators, customers, and suppliers, 
to defme the impediments that inhibit the gas 
industry from increasing demand. The focus 
group for state public utility commissioners in
dicated a belief that R&D is very important to 
increasing demand. They support the view 
that GRI has done a good job of new product 
development, but the commercialization effort 
has been limited. 

The focus group for state PUC staffs indi
cated a general view that research, develop
ment, and commercialization are essential to in
creasing demand , but they questioned the 
commitment of the industry to new products. 
The high initial costs of new gas-fired technolo
gies were viewed as an impediment, and the 
participants suggested the industry develop a 
venture capital pool to handle the first-cost is
sue. They also indicated that the industry frag
mentation and image were seen as impeding 
R&D efforts, particularly compared to the corre
sponding efforts by the electric utility industry. 

In the competitive market , business owners 
and shareholders are able to reap the benefits of 
successful deployment of new technology. In 
contrast, traditional regulatory methods utilizing 
a "cost plus" rate-of-return methodology pro
vide little reward to shareholders for vigilant 
economizing, constant gains in efficiency of op
erations, rapid adoption of new technology, bold 
initiatives in offering new services, or creativity 
in meeting the needs of customers. In this sys
tem, if investments lead to greater efficiencies 
(i. e . , reduced costs) then allowable rates are 
simply lowered at the next rate proceeding so 
that the rate of return remains the same. Simi
larly. if additional market is developed, the rates 
are once again adjusted to bring the rate of re
turn back to the allowed level. 

It is clear from the focus group discus
sions with the LDCs and the PUCs that there is 
a basic limitation in the market communication 
mechanism that is required for the successful 
implementation of the fundamental premise for 
R&D investment. That is, the benefits from R&D 
investment should accrue to the investor. Yet in 
order to achieve the market demand levels 
projected, it is imperative that the investment in 
research, development, and commercialization 
of end-use technology be made. 
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The issues for the LDCs are: 

Ideally. these issues could be addressed 
through some form of incentive regulation that 
permits investors to make appropriate deci
sions about the risk and reward involved in 
shareholder investments in research and devel
opment. 

If traditional cost-of-service regulation re
mains in effect , however, local distribution 
companies will have to embark upon a con
certed effort to educate public utility commis
sioners and · staffs about the value to con
sumers of  LD C  investments in research, 
development , and commercialization. LDCs 
must present information that shows how R&D 
and commercialization investments benefit 
customers, both by means of general outreach 
to the entire regulatory community and by 
means of presentations and advocacy before 
state PUCs. Also, state regulators must make 
an effort to better understand the potential for 
improvements in the price, quality, and reliabil
ity of gas service and environmental quality 
that can result from R&D and commercializa
tion activities. These activities should have the 
cost-effective potential to: 

• Increase the efficiency of natural gas end
use products 

• Increase the efficiency ofproviding ser
vices 

• Increase load factors in an environmen
tally and economically sound manner, 
thereby spreading fixed costs over higher 
volumes 
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• Substitute gas usage in lieu of forms of en
ergy consumption that are more harmful 
to the environment than natural gas. 

Natural Gas R&D Investment by 
Transmission Companies 

This study envisions an expanded natural 
gas industry that will accommodate increased 
customer demand, primarily utilizing existing 
and currently planned facilities. At the same 
time, the NPC envisions a gas transmission and 
storage system that continues to work efficiently, 
reliably, safely, and in an environmentally ac
ceptable manner while accommodating the 
changes inherent in PERC Order 636, as well as 
implementation of the Clean Air Act Amend
ments and future environmental regulation. 

To achieve the goals set forth in this study; 
the gas transmission and storage industry will 
need to more efficiently generate and manage 
information about system status to improve sys
tem efficiency; reliability, and response to cus
tomer needs. To ensure timely service to new 
customers, the integrity and reliability of the in
dustry's pipeline and storage asset must be 
maintained and the capabilities of the system 
enhanced. 

In making the transition to a gas transport 
system that can achieve the gas industry's 
goals, technology will play an increasingly im
portant role. The goal of R&D investment in the 
transmission (pipeline) segment of the natural 
gas industry is to reduce the cost of moving 
gas from the wellhead to the customer and in
crease system performance and reliability. 
This includes reducing operating costs as well 
as capital investment requirements for new fa
cilities. Inherent in any efforts to reduce gas 
transportation costs is the goal of maintaining 
and, if needed, improving the safety and relia
bility of the pipeline system. 

In terms of strategic issues for the trans
mission and storage segment , the GRI has 
identified the following: 

• Reduce transportation costs 

• Assure deliverability of natural gas to cus
tomers 

• Enhance transport system reliability 

• Maintain gas transport system integrity 



• Minimize the cost of compressor station 
emission compliance 

• Assure safe and environmentally benign 
gas transmission system operation, main
tenance, and construction. 

The transmission and storage segment of 
the natural gas industry has a 1 992 R&D bud
get of $22 million allocated to develop informa
tion and new technologies to meet the needs of 
the transmission and storage system. Two
thirds of the budget ($ 1 5  million) is managed 
by the GRI. The Pipeline Research Committee 
of the AGA conducts a $4 million research pro
gram; while manufactures of equipment used 
for the transmission and storage of natural gas 
contribute $2 million. The individual compa
nies also conduct small programs of their own 
with an aggregate investment of about $ 1  mil
lion. These research activities are closely coor
dinated among the groups and many programs 
are jointly funded. The gas industry's R&D 
plans benefit from the input of advisory groups 
and supervisory committees that represent 
members of the transmission and storage in
dustry at various levels. 

Specific R&D thrusts are in the areas of 
pipeline prime mover emissions reduction and 
compressor station efficiency improvement, au
tomation systems, transport measurement tech
nology; transmission piping systems, sensors 
and controls, and storage technology. This in
cludes basic research in areas such as funda
mental pipeline materials, gas flow fluid me
chanics, and combustion chemistry: The gas 
transmission industry has also, through the GRI, 
begun operation of a metering research facility. 
and a non-destructive evaluation research facil
ity is under construction. 

The AGA, a national trade association of 
approximately 250 natural gas distribution and 
transmission companies, provides support to 
the Pipeline Research Committee. The com
mittee continues to pursue a comprehensive 
program funded and directed by its member 
companies in fields related to pipeline safety; 
reliability, and efficiency. The research pro
gram continues the ongoing focus on reducing 
the ownership costs associated with pipeline 
design, operations, and maintenance. The cur
rent budget of $3 .7  million supports some 72 
individual projects with emphasis on line pipe 
service behavior, corrosion prevention and 

mitigation, in-line inspection, welding proce
dures, offshore operations, and improved com
pressor performance. 

The transmission and storage segment of 
the industry has always been subject to regula
tion. Thus, it faces the same problems with re
spect to R&D investment as the I.DC segment. 
However, with the direction of the transmission 
segment toward open access and new pricing 
mechanisms such as incentive pricing, new 
forces will be coming into play: It is not clear 
yet how R&D will be viewed by the companies, 
and particularly how they will react to funding 
the GRI. 

It is clear that a competitive environment 
will make operating efficiencies much more 
important, and consequently; the value of R&D 
investment in this area. 

The Gas Research Institute 

The Natural Gas Industry formed the Gas 
Research Institute in 1 976 and it received FERC 
approval in 1 978.  It was established to respond 
to some of the regulatory constraints and has a 
mission to plan and implement a coordinated, 
industry-wide R&D effort on behalf of the over
all gas industry: It continues to be regulated by 
the FERC through the rate-making process that 
determines what each pipeline company may 
charge its customers for investment in the GRI, 
and consequently; what costs may be passed 
through by an I.DC to rate payers. It has a bud
get of $ 1 66 million for 1 992 , and is about half 
the size of the Electric Power Research Institute. 

The GRI R&D program is developed with 
input from a broad cross-section of the gas in
dustry's technical and marketing resources. 
Varying levels of advisory groups provide this 
input from producers (both majors and inde
pendents) , pipelines, distributors, and repre
sentatives of  the regulatory and scientific 
communities. For 1 992 ,  this process resulted 
in a budget that is allocated with 33 percent to 
supply options, 47 percent to end use, 1 7  per
cent to gas operations, and 3 percent to cross
cutting projects. This distribution is not signif
icantly different from 1 990 and 1 99 1 .  

Most segments of the industry and various 
regulatory bodies recognize GRI for doing a 
good job of developing and disseminating 
technology for all segments of the industry: Its 
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efforts have had significant impacts on the in
dustry, including: 

• Developing resource information, geol
ogy; and production techniques contribut
ing to the rise of the coal seam methane 
gas resource 

• Advancing the understanding and model
ing of hydraulic fracturing in tight forma
tions, most notably the tight gas sands in 
the West, leading to significant improve
ments in the economic recovery of gas 
from these resources 

• Verifying the magnitude of the unrecov
ered resources in existing fields, and de
veloping tools to help fmd the untapped 
compartments ' 

• Developing the advanced heating equip
ment and resolution of venting and mate
rials corrosion issues, which have con
tributed to the gas industry regaining its 
market share in residential new con
struction 

• Establishing natural gas as the fuel of 
choice in commercial cooking and indus
trial heat treating 

• Introducing the first new gas cooling tech
nologies since the 1 960s 

• Introducing the first manufacturer war
ranted, mass-produced engines (for tran
sit buses) and vehicle (Chrysler van) into 
the vehicular transportation market 

• Increasing the reliability of the existing 
transmission and distribution system 
through understanding of pipe materials 
behavior and reducing the cost of new in
stallations using "no dig" guided horizontal 
boring and advanced joining systems 

• Providing substantial data to regulatory 
bodies leading to appropriate regulatory 
action (or non-action) in environmental 
areas and operational issues. 

In addition to its role as a technology de- · 
veloper, the GRI serves as a focal point for 
other industries and organizations needing or 
desiring to interact with the natural gas industry 
on technology issues. Examples include: 

• Interacting with the steel and glass indus
tries to solve productivity, efficiency, and 
environmental problems 
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• Establishing industry-wide efforts with 
each ofthe "big three" auto manufacturers 
to bring natural gas vehicles to the mar
ketplace 

• Providing a forum for reaching consensus 
among the gas industry and appliance 
manufacturers on inputs to DOE on gas 
appliance efficiency standards 

• Carrying out extensive technology trans
fer efforts through workshops and semi
nars to technology users and manufac
turers. 

These examples demonstrate the benefits 
of an industry-wide R&D function that can per
form a role that is impossible for either govern
ment agencies or smaller companies to ac
complish. 

The major issues for the industry regard
ing the GRI are: 

Natural Gas R&D Investment hy 
Producers 

The supplies of natural gas projected for 
the two NPC scenarios depend on the continued 
progress in technological improvements. These 
improvements include not only the significant 
breakthroughs that change the way an industry 
conducts its business, but also the myriad of 
small improvements and the gradual adoption of 
these improvements by the majority of the in
dustry participants. The industry can experi
ence a quantum change in a particular technol
ogy with dramatic impacts on a portion of the 
resource base. However, when the overall re
sults are examined, there appears generally only 
continuous, gradual improvements. These con
tinued major developments are required in or
der to maintain the rate of improvement that has 
been experienced in the past. 



As indicated by the data in Table 8-1 , the 
upstream segment of the natural gas industry 
has in general believed that private research 
spurred on by a healthy business environment 
and supportive government policy was the 
most efficient approach. The competitive na
ture of the industry and the large amount of re
se arch effort by various segments of  the 
petroleum industry, including E&P companies 
and service companies, have been seen as ad
equate. And this competitive , private-sector 
approach to the upstream side of the natural 
gas business has been very successful in pro
viding today's advanced level of technology 
development and employment. 

The technological advances by the indus
try have been accomplished because of a 
strong commitment to relatively stable, well
funded research programs, and the advances 
have offset the costs of harder to find and pro
duce natural gas and increasing environmental 
costs associated with regulation compliance . 
The market mechanism has proven to be very 
capable of providing good information and al
lowing this sector to recognize the benefits of 
its investment. 

The larger companies in petroleum explo
ration and production have relied on internal 
research programs. Recently, both larger and 
smaller companies have begun to rely on the 
Gas Research Institute for some upstream R&D 
support. However, the GRI has limited funds 
and while it does work cooperatively with DOE, 
it does not receive any funding directly from 
DOE. Consequently, the GRI is limited in the 
amount of upstream support it can provide. 

While investment by this segment will 
likely continue, there is concern that the level of 
this activity might be adversely impacted by 
the current economic conditions, especially 
natural gas prices, and the industry downsiz
ings. A survey of upstream R&D expenditures 
was conducted for this study and is included in 
the Appendices of Volume II , Source and Sup
ply. An analysis of this survey drew the follow
ing conclusions: 

• R&D expenditures between 1 9 88 and 
those planned for 1 9 9 2  held steady. 
This conclusion may be misleading be
cause many of the reductions in R&D ex
penditures may not become apparent in 
company budgets until later this year or 

in planned expenditures for the next 
year. Respondents indicated, however, 
that 1 99 2  data  were current budgeted 
values and not estimates made in 1 99 1 .  
At the end of this year, the full effect of 
recent downsizing might be empirically 
evident . 

• There is no demonstrable shift to collabo
rative research, as was expected in 1 988. 
This is logical , since companies would 
preferentially fund their own staff before 
spending money on outside R&D opera
tions, unless R&D expenditures were in
creasing. 

• Company priorities for federal R&D are 
consistent among operator and service 
sectors of the industry. Companies feel 
that federal research should focus on envi
ronmental technologies and reservoir 
evaluation/characterization and minimize 
involvement in drilling and production 
technology research. 

The issues facing the upstream segment 
of the natural gas industry are: 

The Federal Government and 
Natural Gas R&D 

Over the past 1 3  years, the budget for the 
Fossil Energy Office of the Department of En
ergy budget has varied between $27 3 million 
and $ 1 , 1 1 9  million (see Table 8-2) . The per
centage of funds allocated to natural gas has 
varied between 2 and 6 percent of the total. 
Coal research has dominated the program 
quite consistently for more than a decade, con
suming 85 or 90 percent of the fossil energy re
search funding. This is in part an artifact of the 
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Coal 

Control Tech & Coal Prep. 
Adv Res & Tech. Dev. 
Coal Liquefaction 
Combustion Systems 
Fuel Cells 
Heat Engines 
Underground Coal Gasif. 
Magnetohydrodynamics 
Mining R&D 
Surface Coal Gasification 
Clean Coal 

Total Coal 

011 
Advanced Process Tech 
Enhanced Oil Recovery 
Oil Shale 

Total Oil 

Total Gas 

Grand Total 

Percent Coal 
Percent Gas 

1 980 

$38 
56 

250 
51 
26 
50 
1 0 
75 
69 

1 1 6 

$741 

6 
23 
28 

$57 

$35 

$833 

89% 
4% 

TABLE 8-2 

DEPARTMENT OF ENERGY-oFFICE OF FOSSIL ENERGY 
ENERGY RESEARCH AND DEVELOPMENT EXPENDITURES 

(Millions of Dollars) 

1 981 1 982 1 983 1 984 1985 1 986 1987 1 988 

$37 $22 $28 $26 $35 $33 $38 $42 
58 56 36 46 40 35 32 32 

521 99 38 29 26 33 24 27 
57 31 24 1 8  30 30 1 5  22 
32 34 30 43 41 35 28 33 
36 1 5  5 6 1 2  1 3  1 2  1 8  
1 0  8 6 6 6 4 2 3 
67 22 29 30 31 29 26 35 
49 1 4  

1 65 53 39 36 32 43 25 23 
99 1 49 1 99 

$1 ,032 $354 $235 $240 $253 $354 $351 $434 

4 4 5 5 5 6 4 3 
1 9  1 6  7 9 1 2  1 2  1 1  1 7  
33 1 9  1 2  1 6  1 5  1 3  1 1  1 0  

$56 $39 $24 $30 $32 $31 $26 $30 

$31 $9 $14 $16 $10  $9 $8 $1 1 

$1 ,1 19  $402 $273 $286 $295 $394 $385 $475 

92% 88% 86% 84% 86% 90% 91 % 91% 
3% 2% 5% 6% 3% 2% 2% 2% 

1989 1 990 1991 1 992 

$49 $58 $56 $51 
27 27 31 30 
32 35 43 39 
27 34 37 38 
27 39 43 51 
23 21 24 1 8 

1 1 1 0 
37 41 40 40 

22 24 1 5  1 1  
1 90 554 391 465 

$435 $834 $681 $743 

4 4 1 0  1 4  
24 28 32 37 
1 1  9 1 7  6 

$39 $41 $59 $57 

$1 1 $1 5 $16 $1 3 

$485 $890 $756 $81 3 

90% 94% 90% 91% 
2% 2% 2% 2% 



old , incorrect perception that coal was an 
abundant domestic resource and natural gas 
was not. 

The natural gas resource base is now rec
ognized as able to support a much larger share 
of U.S. energy demand than was previously be
lieved. Coal is no longer the only abundant do
mestic fossil fuel. 

DOE Research Is Changing 

The DOE is working on new ways to spon
sor cooperative research. The DOE wants 
companies to have a stronger role , through 
their own joint support , in the selection and 
conduct of the research. These recent efforts 
have become more effective in guaranteeing 
relevancy by requiring industry participation, 
and jointly funding projects with existing indus
try research consortia and organizations such 
as the GRI. 

Potential for Significant 
Breakthroughs 

Most gas has been discovered as a result 
of looking for oil. Focusing on gas is a rela
tively new activity; so research is still likely to 
produce important results. Numerous studies, 
including this NPC study, present important 
topics for further gas research, such as reser
voir characterization. Furthermore, research 
on gas will help exploration and production of 
oil as we work with an increasingly mature do
mestic resource base. 

Transfer of Technology Throughout 
Industry 

Government can help facilitate the transfer 
of technology as well as help advance technol
ogy development. The full impact of a techno
logical development can only be realized when 
it has been applied to all appropriate resources 
in the industry. 'Ib achieve this, the technology 
must be transferred to the members of the in
dustry: One way the government, in cooperation 
with industry and established industry associa
tions, can assist in this transfer of technology is 
through project and workshop sponsorship. 

Dialogue will continue between the gov
ernment and the natural gas industry over reg
ulation, access, and fiscal issues. Cooperative 
research will help establish ties and trust that 

can lead to solutions that are better for both 
parties and hence help ensure a stable future 
energy supply. Joint research is likely to be an 
improvement over government research con
ducted with little industry participation, and 
lead to better project selection. 

COMMERCIALIZATION ISSUE 

The ultimate goal of most R&D investment 
is to develop products and services that are 
commercially successful. Without this com
mercialization, there will be no benefit to any of 
the segments. The real question is: Why has 
the natural gas industry experienced difficul
ties in carrying out the process of commercial-
ization? 

· 
This question can be addressed differ

ently for production and end-use R&D. For pro
duction R&D, the traditional approach of relying 
on the individual companies has proven very 
successful, and can be expected to continue to 
be effective. This is because the industry seg
ment that invests in the R&D is also a primary 
beneficiary. 

Even in this supply segment , however, 
the support of R&D efforts by government 
and industry organizations, like the GRI, be
comes important when non-traditional re
sources or approaches are needed. Exam
ples have included research on substitute 
supplies and on nonconventional resources. 
A special case also exists with regard to the 
many independent producers who are a vital 
element of the gas industry. Most of these 
companies simply do not have financial re
sources to undertake a significant R&D pro
gram on an individual basis. They obtain cur
rent technology through existing industry 
associations (like the Society of Petroleum En
gineers) , consultants, service companies, the 
GRI, and government-sponsored projects. 

The funding for end-use R&D and its ulti
mate commercialization has been a long-stand
ing issue within the industry. History has 
shown that the industry simply cannot rely on 
the end-use equipment manufacturers to ad
vance the technology needed for gas to remain 
competitive. While many reasons have been 
set forth for this phenomenon, the most com
pelling is the observation that these manufac
turers are generally fuel neutral. This is be
cause they manufacture different models of the 
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same appliances and equipment to use either 
gas, oil, or electricity. A heating or cooling sys
tem manufacturer has no profit incentive to de
velop and sell a piece of gas-fired equipment 
versus one fueled by another energy source. 

This statement must be tempered by a 
view of customer demand, which does create 
market share advantages for one fuel source 
versus another. Nonetheless, no U.S. manufac
turer rushed to fill the gap in the 1 970s when 
electric cooling technology rapidly outpaced 
the existing single-effect gas cooling systems, 
despite the general satisfaction of customers 
with gas cooling. Similarly, it would be difficult 
to find the motivation for the U.S. auto makers to 
develop natural gas vehicles on a purely profit
based decision. 

The industrial process area in general 
provides several additional examples. Natural 
gas is the dominant energy used by several 
heat process industries. This is because natu
ral gas effectively provides the heat require
ments and is reliable, efficient, and relatively 
low cost. However, heat processing technology 
is improving and quality issues have become a 
major driver for material production. In addi
tion, environmental concerns (e .g. , exhaust 
emissions) have also created a need for new 
heating process designs. Since either of these 
issues can result in a switch from natural gas to 
other heating methods (i.e. ,  electric) , industry 
R&D for new technologies is needed to retain 
these markets. With a strong market thrust de
fined ,  the industry will provide the funds 
needed to design and field test a new industrial 
process technology. Sometimes, the GRI is in
volved while in other cases interested (and af
fected) companies support the efforts. 

The end result of the R&D is a new tech
nology ready for a plant site demonstration. It 
is now up to the equipment manufacturer to 
market the technology; including a first-in-the
field demonstration. The trail of failures from 
this approach is long and discouraging. Cur
rently, new natural gas-fired technologies such 
as a vacuum furnace (for ion-nitrariding) , a 
mineral wool melter, a glass cullet preheater, 
high temperature heat treating furnaces, en
gine drive chiller technologies, and a sec
ondary aluminum melter are examples of tech-
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nologies not exploited by industry and on very 
slow commercialization tracks. 

Another example outside the industrial 
process area is fuel cell technologies. Without 
going into the litany of commercialization hur
dles facing these technologies, suffice it to say 
the available funding will significantly slow the 
availability of comrilercial equipment. In fact, it 
is likely that some promising technologies will 
not survive due to R&D funding constraints. 

As the process size and complexity in
crease, the ability to assemble the needed R&D 
funds becomes increasingly difficult. The GRI's 
program to develop and field test an Advanced 
Glass Melter, for instance, will require a major 
portion of their entire non-metals R&D budget 
even with cofunding matching that amount. 

Probably the most significant failure in 
commercialization efforts in general is the failure 
of the companies involved to use their own tech
nological developments. After technology is de
veloped in the research facility, it needs a pilot 
location for demonstration of the first attempts at 
commercialization units. In the producing sec
tor, this is often a particular field or well. And 
the industry has been very successful in provid
ing the opportunities for these pilots. 

However, the end-use products are more 
likely manufactured by a company outside the 
direct gas industry. Here the companies in the 
natural gas industry have provided very few 
opportunities in their own operations and facili
ties for these initial commercialization efforts. 
Even now, there continues to be very limited 
use of natural gas fueled vehicles in the compa
nies' fleets and natural gas cooling in their facil
ities. If the companies in the industry do not 
recognize the benefits of the technology; how 
can the marketing organizations be expected 
to achieve very much market penetration? 

The issue of commercialization is critical 
to all parties. 
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OVERVIEW 

The National Petroleum Council identified 
the importance of the reliability issue early in 
the study process. The study participants 
found that reliability cannot be readily defined 
in that it embodies a variety of perceptions and 
myths, as well as facts and analysis by all indus
try sectors. Due to the complex nature of the 
reliability issue, the NPC has relied on the focus 
group process to help define reliability and 
summarize the problem that this issue creates. 

The focus group analysis included in Vol
ume V. Regulatory and Policy Issues, identifies 
improving reliability as one of the major chal
lenges facing the natural gas industry. Thus, 
the reliability theme can consistently be de
tected throughout the study. As the natural gas 
industry moves forward, it must address the re
liability issue head on to ensure that natural gas 
is best able to play a role in the nation's future 
energy needs. 

RELIABILITY-COMMON THEMES 

While many customers have their own in
dividual perspectives, there are some themes 
on natural gas reliability that seem to cross vir
tually all market segments. The focus group 
report summarizes these themes as discussed 
below. 

Supply Deliverahility 

Simply stated, commentors expressed a 
concern that adequate wellhead supply will not 

be available to meet consumer needs. These 
concerns do not seem to be related to the ade
quacy of the natural gas resource base to meet 
consumption requirements, but more a con
cern as to whether the industry producers will 
invest in and maintain adequate deliverability 
levels to meet future natural gas demand. This 
concern is supported by historical evidence of 
actual shortages experienced during the 
1 970s. Further, commentors question whether 
current price levels are adequate to maintain 
drilling activity, as well as keep investment dol
lars for domestic exploration. In addition, the 
prorationing issue as it has been raised in the 
states of Oklahoma, Louisiana, and 'Texas adds 
to the uncertainty as to the adequacy of supply 
availability. 

Pipeline Deliverahility 

Like supply deliverability, this concern 
has also been supported with the actual expe
rience during the 1 970s, as well as more re
cent experience with pipeline capacity prob
lems , including the lack of  available firm 
transportation and the seasonal interruption of 
interruptible transportation. There is also con
cern with pipeline operating procedures and 
whether these procedures will allow for a con
sistently reliable level of pipeline service.  
These concerns with pipeline deliverability 
extend to the expansion of pipeline capacity 
with some focus group participants being con
cerned over whether incremental pricing of 
expansion capacity will allow the capacity to 
be constructed. 
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Regulatory Environment 

The current regulatory environment 
causes concern as to whether regulators will 
allocate gas supply away from both electric 
utilities and industrial consumers in future sup
ply shortage situations. Historical changes in 
the regulatory policy toward contractual obli
gations further add to the concerns. In addi
tion, there seems to be some concern about 
the implementation of open-access programs · 
permitting all potential customers of gas to 
have the opportunity to acquire both transmis
sion and storage capacity to meet their needs 
in the future. 

Price Volatility 

Focus group participants are concerned 
about price volatility, and whether natural gas 
will be competitive with alternative fuels in the 
future. The concern about price volatility has 
been supported by significant swings in the 
price of spot gas, as well as a perception that 
there is a lack of willingness by some partici
pants in the industry to enter into long-term 
contracts. 

Marketing Companies 

Some focus group participants perceive 
the marketing company as existing only to 
make a quick dollar and as being unreliable. 

RELIABILITY CONCERNS BY 
CUSTOMER GROUP 

As expected, virtually all customer groups 
involved in the study indicate that reliability 
concerns have some impact in making their 
fuel choices. Each group has a unique view of 
reliability, however, thus creating a need to out
line these concerns as they relate to each cus
tomer class. 

Residential/Commercial 

The focus group comments from con
sumer advocates for the residential and com
mercial consumers identify concerns regarding 
safety, service interruptions, and maintaining a 
stable competitive price . This group ex
pressed the concern that spikes in gas prices 
undermine captive customers' confidence in 
natural gas as a fuel source. 
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Industrial 
The industrial sector, some (but not all) of 

which has alternative fuel capability, also ex
presses a concern with industry reliability. 
They are of the opinion that the natural gas in
dustry cannot dependably identify the type 
and length of service interruptions that they 
might likely face .  Industrial consumer con
cerns are primarily focused in three areas. 
First, this consuming sector bases its opinion 
regarding reliability on the historical inability 
to contract supplies during the shortages of 
the 1 970s. The industrials also express con
cern about the cost of firm transportation ser
vice, and thus rely on interruptible service, 
which they characterize as unreliable. Finally, 
industrial consumers fear, even though they 
may have contracts for firm service, curtail
ments in emergency situations. 

Electric Utility 
Reliability is also noted as the most im

portant concern of the electric utility partici
pants. Those utilities, which use natural gas to 
serve their peaking needs, are concerned 
with the industry's ability to meet hourly 
swings and the pressure requirements of com
bustion turbines. Therefore, deliverability, not 
supply availability, is the primary thrust of 
their concerns. The pipeline's historical re
quirements of 24-hour notice for deliveries is 
perceived by some utilities as not providing 
reliable, customer-oriented services. 

Independent Power Producers 
Independent power producers express 

concern with whether pipelines will build new 
facilities to meet their gas requirements on a 
timely basis. Independent power producers 
also question supply deliverability. They be
lieve that the present wellhead prices are too 
low to encourage drilling, which they fear may 
result in supply disruptions. 

SUlVIMARY OF RELIABILITY ISSUES 

Physical .Aspects of the 
Reliability Issue 

There are several dimensions to the relia
bility issue that are factual or "physical" in na
ture. These include the adequacy of the re-



source base, the current deliverability. the abil
ity of the delivery system to meet market re
quirements, the availability of capacity to meet 
new market requirements and serve specific 
geographic areas, and the willingness of the in
dustry to add capacity to eliminate bottlenecks. 

Contractuill/Regulatory Aspects of 
the Reliability Issue 

The gas industry's ability to provide reli
able service has also been undermined by 
contracts unresponsive to changing market re
quirements, constantly changing regulation, 
and the lack of easily understood service relia
bility standards. This issue is extremely com
plex, but in a nutshell, the industry needs to be 
able to write contracts that will respond to 
changing market conditions and be honored 
by all parties and not be abrogated by regula
tory action. Also, through the use of more eas
ily understood reliability standards, the industry 
ideally will be able to offer products that will be 
able to  compete with alternative energy 
sources. 

Perceptual Aspects of the 
Reliability Issue 

Nowhere is the statement ''perception is 
reality" more descriptive than when dis
cussing the role that reliability concerns 
play in shaping attitudes toward natural 
gas consumption. Virtually all of the de
mand groups state succinctly that relia
bility problems plague the industry. 

The above comment mentioned in the fo
cus group report identifies perhaps the most 
difficult aspect of the reliability issue that the in
dustry must address, and that is the perception 
that natural gas is unreliable. Natural gas mar
keting programs, while outlining the economic 
and environmental advantages of this fossil fuel, 
need to also provide factual and informational 
reassurance regarding the reliability of this fuel 
source . .  

RECENT EFFORTS TO ADDRESS 
RELIABILITY ISSUES 

Natural gas industry participants as well 
as regulators have taken several specific ac
tions over the past few years in attempt to ad-

dress reliability issues. These actions include: 
the PERC/DOE Deliverability Task Force; the In
terstate Natural Gas Association's Power Gen
eration Task Force; PERC Order 636, which has 
emphasized maintaining operational integrity 
of the pipeline systems; as well as the develop
ment of financial risk management markets, 
which provide a means to address the price 
volatility aspect of reliability. In addition to 
these efforts, the Natural Gas Council has iden
tified reliability issues as being a key to in
creasing natural gas demand and has initiated 
a seeping study on the need for a Natural Gas 
Reliability Council. These and other efforts to 
address the reliability issue should continue to 
be supported by industry. 

COMPARISON TO OTHER RELIA
BILITY ORGANIZATIONS 

In addition to the above mentioned efforts 
to address the reliability issue, the natural gas 
industry may also want to look to other groups 
that are making efforts to address reliability. 
namely the Voluntary Allocation Committee , 
the Network Reliability Council, and the North 
American Electric Reliability Council. 

First. about 1 0 to 1 5  years ago the Texas 
Railroad Commission established an informal 
group called the Voluntary Allocation Commit
tee, which is aimed at planning for gas. supplies 
under stress situations. This committee con
sists of about 1 2  members from various areas 
of the state including intrastate pipelines and 
electric utilities. The group will typically meet 
once or twice a year: once, to discuss general 
conditions for the coming winter, as well as a 
conference call meeting during periods of 
stress. 

The Network Reliability Council was 
formed by the Federal Communications Com
mission in December 1 9 9 1  to respond to a 
public outcry over telephone outages. This 
group consists of 33 people representing tele
phone management , unions, state regulators, 
and consumer groups. The Council is a federal 
advisory committee formed to provide: expert 
t e chnical advic e  t o  the FCC and t o  the 
telecommunications industry on issues related 
to telephone network reliability; a mechanism 
to facilitate within the industry the higher level 
of communication that deployment of new tech
nologies requires; and a focused look from the 
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industry on issues that arise because of in
creasing network interdependence. 

And finally, the North American Electric 
Reliability Council was formed in 1 968 by elec
tric utilities to coordinate, promote, and com
municate about the reliability of their genera
tion and transmission systems. It is comprised 
of nine regional councils and one affiliate that 
together encompass virtually all of the electric 
utility systems in the United States, Canada, 
and the northern portion of Baja California, 
Mexico. 1  

RELIABILITY RECOMMENDATIONS 

In addition to the efforts undertaken to 
date, the subsequent volumes of this report 
make specific recommendations that will help 
address reliability issues. The following is a 
summary of these recommendations. 

Volume U: Source & Supply 

The Source and Supply volume recom
mends that both state and federal policy mak
ers adopt practices that reestablish confidence 
of buyer and seller alike in the sanctity of con
tracts by reducing the exposure to retroactive 
changes and unreasonable "prudency re
views" in order to alleviate reliability concerns 
related to contracting. 

Volume m: Demand & Distribution 

The Demand and Distribution volume 
identifies reliability concerns as obstacles to in
creased gas consumption and therefore recom
mends that the industry: 

• Demonstrate to certain customer seg
ments, especially industrial and electric 
utilities ,  that natural gas is a reliable 
source of energy today and in the future 

• Enhance cooperative reliability and 
thereby eliminate the general customer 
perception of some customers that the use 
of natural gas is too risky 

Volume IV: Transmission & Storage 

The Transmission and Storage volume 
recommends that the industry expand its work 

1 North .American Electric Reliability Council, Relia
bility Asiessment 1992-ZfXJO, "The Future of Bulk Electric 
Supply in North .America," September 1992. 
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with customers to identify and address specific 
reliability concerns. While the industry has 
been making a significant effort to address reli
ability concerns and to develop operating 
guidelines, significant progress remains to be 
made. Accordingly. this recommendation is ex
panded in Volume 'N as follows: 

Industry should: 

• Consider the formation of a national vol
untary organization to assist in periods of 
operating stress 

• Create an industry master contact list for 
pipeline and producer operators 

• Coordinate maintenance and downtime 
schedules 

• Consider the formation of a Natural Gas 
Reliability Council to help coordinate and 
facilitate specific ways to address reliability 

• Improve communication on electric gen
eration issues. 

Federal, state, and local officials should: 

• Support the industry's efforts to address 
reliability concerns and to develop oper
ating guidelines that improve the overall 
quality of service to natural gas con
sumers, including addressing any poten
tial conflicts between the regulatory 
framework and contracts 

Volume V: Regulatory & Policy Issues 

The first recommendation of the regula
tory and policy issues volume regarding relia
bility is that regulators should not interfere with 
the consequences of choices made by buyers 
and sellers of energy services. In addition, the 
recommendation with regard to prorationing
which was defined as a reliability issue-is that 
producers should be left with the maximum 
possible discretion to manage their production 
in relation to swings in market demand and 
prices. 

POTENTIAL ROLE OF A SPECIFIC 
ORGANIZATION DEDICATED TO 
ADDRESSING RELIABILITY ISSUES 

The NPC believes the industry should give 
serious consideration to the formation of a Natu
ral Gas Reliability Council and therefore sup
ports the ongoing efforts to study this issue. The 



Council's purpose would be to increase cus
tomer confidence in the reliability of natural gas 
service and its mission would be to provide the 
facts and analysis relevant to the reliability of nat
ural gas service. This organization would be a 
reliable source of information for all customers 
and industry participants, and could have many 
possible tasks including the following: 

1 .  The organization could help to develop a 
uniform and easily understood set of stan
dards, as well as a vocabulary for reliabil
ity. As an example, the industry does not 
currently have a consistent definition of 
deliverability available from wellheads, 
pipelines, and local distribution compa
nies. This organization could help sup
port the implementation of electronic data 
interchange, could develop information .  
guidelines, and could review, develop, 
and disseminate data. 

2. This organization could play a significant 
role in planning and coordinating peak 
periods in emergencies to help respond 
to the questions that come up in that area, 
such as "if December 1 989 happened 
again, then would the industry be able to 
respond?" 

3. This organization could undertake to im
prove coordination of maintenance and 
downtime across industry segments. 

4. This organization could help to identify 
specific reliability needs of end users and 
to help develop ways to address these 
needs. An example of some questions that 

could come up would be, "would gas be 
available to serve my project 5 ,  1 0 ,  1 5  
years from now and can natural gas serve 
the highly variable loads of my combustion 
turbine that I wish to locate on this site?" 

5. This organization might as it undertook 
this analysis generate specific recommen
dations to improve reliability that would 
otherwise not be made absent taking a 
broad industry perspective. 

6. Perhaps, most importantly; this organiza
tion would represent a very significant 
commitment on the part of the industry to 
address the reliability issue and, as a re
sult , show potential end users of natural 
gas that the industry was concerned 
about reliability and was going to do 
something to improve the reliability of nat
ural gas service. 

Overall Study Recommendation 

The NPC believes that a comprehensive 
study involving all sectors of  the industry 
should be conducted to determine whether 
there is a need to establish a specillc organiza
tion aimed at addressing the reliability issue. 
This study should further identify the goals of a 
reliability council as well as a plan for imple
mentation. In addition, the study should ad
dress antitrust concerns, regulatory issues, as 
well as the cost of developing and administer
ing such an organization. The Natural Gas 
Council has begun such a study and the NPC 
supports their ongoing efforts. 
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OVERVIEW 

This chapter discusses the importance of 
contracts in the future natural gas industry, and 
the specific techniques being used in the in
dustry, including financial risk management, to 
serve customer needs. These techniques as 
well as the history surrounding the contracting 
issue are more fully discussed in Volume II , 
Source and Supply. The NPC has developed 
specific recommendations in the area of con
tract diversity. 

Today's natural gas industry is incredibly 
diverse, particularly when compared to the in- · 
dustry's historical relationships. There are over 
5,000 independents and major producers, over 
80 interstate pipelines, aild over 1 50 intrastate 
pipelines. Nationwide, an estimated 1 ,400 lo
cal distribution companies (IDCs) serve 4 mil
lion commercial customers and tens of millions 
of residential customers. There are also at least 
275,000 industrial end users of gas. These in
dustrial users consume 1 7  percent of the gas as 
feedstock, 32 percent as boiler fuel, and 5 1  
percent for process heat. Industrials also have 
1 ,600 cogeneration projects, which consume 
natural gas. Other independent electric power 
producers that consume gas for baseload and 
peaking needs number almost 4 ,000. In the 
United States there are approximately 3,500 
electric utilities that utilize natural gas for 9 .5  
percent of their generation needs. 

Due to the diversity in the industry partici
pants, generalizations about the contract needs 

of any segment of the industry can be mislead
ing, or simply incorrect. Each buyer and each 
seller has a unique set of requirements, prefer
ences, and objectives that can be matched by 
the efficient operation of an unregulated, unbi
ased market for the sale and purchase of natu
ral gas. 

Today. natural gas contracts must be de
signed to accommodate the diverse produc
tion, consumption, transportation, and pricing 
needs of an industry in transition.  As the 
deregulated gas sales, transportation, and 
other natural gas service markets continue to 
mature, the trend is toward more contract op
tions and flexibility. 

FOCUS GROUP COMMENTS ON 
CONTRACTING ISSUES 

The focus group comments with regard to 
this issue fall basically into two categories, ser
vice and regulatory concerns. These specific 
concerns will be further detailed below. 

Service Issues 
Service options are becoming increas

ingly more valuable to end users, as exhibited 
by the emergence of natural gas service com
panies. However, the focus group participants 
noted that customers have not obtained the 
services that they want and to which they at
tribute value above the value inherent in the 
commodity. 
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One industrial customer noted that in or
der to adequately make energy decisions they 
needed: 

the ability to have reliable resources 
available to us-the ability to enter into 
a gas contract with alternate suppliers; 
the ability to have control of the capac
ity of the pipeline, both at the interstate 
and the local utility level [so that we 
can] get the commodity that we're en
tering into contracts with producers to 
our burnertips. If we're not allowed 
into that process, we're going to fmd 
ourselves at the short end of the stick. 

An independent power producer (IPP) 
noted that in order to obtain financing they 
must be able to demonstrate to their financiers 
the reliability and stability of their fuel supply 
and cost. This requires that they obtain long
term contracts with fixed or highly predictable 
and stable fuel prices. Past difficulty in obtain
ing these types of contracts has inhibited use of 
natural gas for their facilities. Recent evidence 
that suppliers are more willing to meet these 
needs encourages the participants to believe 
that natural gas will be a more viable alterna
tive in the future. 

Regulatory Issues 

The uncertainty of the regulatory process 
in which the gas industry functions is another 
major source of perception that the industry is 
unreliable. Participants mention that actions in
cluding open-ended prudency reviews and 
regulators' failure to respect the sanctity of con
tracts causes  uncert ainty and raises the 
prospect of reliability. Virtually all industry par
ticipants along the gas chain concur that the 
regulatory bodies should honor the sanctity of 
contracts. The uncertainty with regard to con
tracts tends to interfere with the market pro
cesses such that projects cannot be fmanced, 
and business relationships are disrupted. One 
IPP customer noted: 
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But my feeling is wherever you have 
contracts in place, whether they be a 
contract with your company to move 
gas or [with] an LDC throughout the 
term of that service agreement , you 
have to respect those contracts,  be
cause without the contracts , you will 
have disorder. Projects can't be fi-

nanced. So, my feeling is the FERC 
can't interfere with existing arrange
ments. But once existing arrangements 
terminate, you will have to effectively 
deregulate them with open access and 
unbundled services and costs. 

RECENT EVOLUTION OF 
CONTRACTS 

As the natural gas market is moved to a 
lesser reliance on regulation, innovative con
tracts are being employed to provide an in
creasing number of choices for gas customers. 
These increasingly diverse contracts include 
services provided by both regulated and un
regulated players in the natural gas business. 
Ten years ago it was very difficult , if not impos
sible , for a customer to arrange for a dis
counted rate with pipelines. Today; virtually all 
pipelines have the opportunity to discount their 
transportation rates between minimum and 
maximum rates at the federal level. At the state 
level, many state commissions permit distribu
tors to charge flexible sales and transportation 
rates, particularly to the extent that the lower 
rate charged allows natural gas loads to stay on 
the system instead of being lost to an alterna
tive fuel. This flexibility in the regulated world 
has allowed natural gas to stay very competi
tive with alternative fuels, notably fuel oil, dur
ing the past five years. 

On the deregulated side, producers have 
also been able to sell gas on increasingly flexi
ble and diverse terms. Since prices for the 
most part are no longer regulated at the well
head, producers are now able to offer a signifi
cant nwnber of choices to their customers, sell
ing gas on both an interruptible and firm basis, 
selling gas tied to indices for gas prices, as 
well as selling gas tied to alternative fuels. A 
new industry segment, gas marketers, has also 
developed over the past ten years. This seg
ment is focused on aggregating supplies and 
offering these supplies to markets based on 
their unique characteristics. 

Yet another area of natural gas service 
available to customers now that was not avail
able ten years ago involves the packaging of 
specific natural gas services for customers. 
This includes the emergence of natural gas 
fired IPP projects where developers will offer to 
sell electricity at competitive rates; the devel-



oper effectively packages the gas supply and 
gas transportation along with the gas-fired 
equipment into one service for an electric util
ity or other users of electrical service. Some 
companies have taken a similar approach in 
trying to develop the natural gas vehicle busi
ness in many areas of the country. 

In addition to each industry segment pro
viding various service options , a new role 
within the industry has emerged over the past 
ten years for "natural gas service providers." 
This is broadly defmed to include an array of 
companies that are moving beyond their tradi
tional roles and providing a wide variety of cus
tomized services aimed at meeting customers' 
specific needs. The development of this natu
ral gas service industry segment is a significant 
development for the natural gas industry; and 
its ability to enter into a variety of contracts is a 
key element of making this segment a vital part 
of the industry in the future. 

Another significant new aspect of the de
veloping natural gas industry is the develop
ment of new markets to support and increase 
service and contract diversity. Perhaps the 
most significant new market to develop over 
the past ten years has been the futures market. 
This is a part of a general market for financial 
risk management services. Specifically, this 
market allows parties involved in the natural 
gas business to manage their financial expo
sure to changes in natural gas prices through 
the use of futures, swaps, and other tools. It is 
expected with the advent and implementation 
of FERC Order 636 that similar markets may 
develop for both transportation and storage ca
pacity. The NPC believes that the development 
of a vibrant market for services of this type is a 
key for the successful development of natural 
gas use in the future. 

REGULATION AND CONTRACTS 

In today's market environment there exists 
a tension between regulation and contracts. On 
the one hand, the best way to assure that the 
natural gas markets work in the future is to as
sure that contracts work (i.e . , they are consid
ered enforceable and both parties expect to 
gain or lose from the consequences of the con
tracts that they enter into) . Unfortunately; the 
natural gas industry has a history of regulators 

and government becoming involved in the pro
cess when contracts do not work. 

The industry has a long history (the de
tails of which will not be included in this sec
tion) , which includes the Natural Gas Act , the 
Phillips decision of 1 954, and the Natural Gas 
Policy Act of 1 978,  to mention a few of the key 
examples of regulatory intervention in the past. 

Without debating the various pros and 
cons of historical regulation, the NPC does be
lieve that if contracts are made to work in the 
future, further regulatory intervention will be 
less necessary; which should accrue to the 
benefit of all participants in the . gas industry; 
and their customers. 

CONTRACT DIVERSITY RECOM
MENDATIONS 
Recommendation #1 
Education of industry participants, and federal, 
state, and local regulators, about the natural gas 
market, financial risk management, and other di
mensions of the new natural gas industry. 

The NPC believes that a significant educa
tion effort is necessary to inform not only indus
try participants, but the existing and potential 
natural gas consumers as well, on the range of 
choices available in the natural gas market . 
This education should allow the buyer, seller, 
and regulator to become familiar with contracts 
and the contracting process, and more imp or
tantly allow them to live with the consequences 
of their contractual commitments. The NPC is 
hopeful that this more complete understanding 
of contracting will cause regulators to avoid in
tervention into contracts on an after-the-fact ba
sis and allow for the market to work. 

Recommendation #2 
Reduction in regulation to the minimum neces
sary to protect public interest, and support of 
the market's evolution toward contract diversity 

The right of buyers and sellers to match 
their individual interests is the key to optimum 
market performance .  Contract diversity unen
cumbered by the uncertainty of regulatory 
hindsight will allow buyers and sellers alike to 
match their individual needs for price, term, 
security; load flexibility, and reliability. The 
state and federal governments can support the 
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natural gas industry by providing a regulatory 
environment that encourages sellers and buy
ers to explore possibilities of using a variety of 
contracts, the futures market, or other tools to 
help manage their businesses. Finally, as the in
dustry develops the ability to offer a variety of gas 
contracts, customers' current needs will be met 
and they will have confidence that natural gas will 
be a competitive energy source in the future. 

Recommendation #3 
Recognition and support of the new role of natu
ral gas service providers 

The support of the new role of natural gas 
service providers is consistent with the overall 
notion of allowing market forces to dictate the 
direction and shape of the natural gas industry 
and the services that it provides. These ser
vice providers are broadly defined as an array 
of companies within the natural gas industry, 
which are moving beyond their traditional roles 
and providing a new variety of customized ser
vices aimed at meeting customers' specific 
needs. Natural gas service providers should 
be recognized as a vital element to the natural 
gas industry in that they provide the customer 
with the benefit of adding value to the natural 
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gas commodity through diversified service op
tions. As we move forward, the services that 
these companies provide can contribute to the 
overall market growth by offering options, flexi
bility. and reliability designed to fit the needs of 
specific natural gas customers. 

Recommendation #4 
Encourage the Development of Emerging Mar
kets (financial, transportation, and others) 

As the move continues to a more market 
driven environment , the need for diversified 
markets for financial risk management of sup
plies, pipeline capacity; storage, and other ser
vices is emerging. (A discussion of financial 
risk management techniques for the natural 
gas industry follows as an attachment to this 
chapter.) Also emerging will be a secondary 
market for transportation and storage capacity 
due to FERC Order 636 requirements. These 
arising markets will again add to the portfolio 
of options that industry participants as well as 
their customers will have in meeting their oper
ational, price, and risk requirements. This vari
ety of options can only help to stimulate growth 
for the natural gas industry for years to come. 



.ATTACHMENT 

FINANCIAL RISK MANAGEMENT 
TECHNIQUES IN THE NATURAL 
GAS INDUSTRY 

The Natural Gas Policy Act of 1 978 began 
the process of deregulating the interstate natural 
gas industry. Until then regulation had created an 
environment of stable, below market-level well
head prices with the dominant form of contract
ing between producers, pipelines, LDCs, and 
end users being fixed-price long-term contracts. 

Today the natural gas industry is charac
terized by a nationally integrated spot market 
on which participants make a significant share 
of purchases. Gas spot prices vary daily and 
seasonally according to various international, 
national, and local events affecting the energy 
sector. As a result, natural gas spot prices are 
volatile (estimated to be around 20 percent per 
annum) and make future planning difficult for 
all participants in the gas industry. 

In response to the growing need for tools to 
manage gas price risks , financial institutions and 
marketers have developed or are developing 
several financial risk management instruments. 
This essay explains the basic workings of such 
instruments. While the discussion is general, 
examples are provided to illustrate actual or po
tential uses of these tools in the gas industry: 

Before discussing the instruments, we de
fme some commonly used finance terms. 

• Hedging: Industry participants and fman
cial institutions utilize hedging in order to 
offset various business risks. Some of the 
common risks hedged are currency risk, 
interest rate risk, commodity price risk, 
and supply risk. The risk management 
tools might be financial ones like forwards, 
futures, options, and swaps or they may be 
physical ones like storage and reserves. 

• kJng position: When an investor buys an as
set, he or she is said to have a long position 
in the asset. Similarly, a long futures position 
signifies ownership of a futures contract. 

• Short position: This is the inverse of the 
long position. When an investor sells an 
�et, 

.
he or she is said to have a short po

Sition m the asset. As with assets, so also 
with futures. 

Forwards 

A forward contract is a contract to buy or 
sell an asset at a certain price at a certain point 
in the future. The price at which the parties 
agree to exchange the asset on expiration of 
the contract is called the delivery price. 

In order to be a fair exchange, the ex ante 
value of the contract to both parties must be 
zero. The delivery price that makes the con
tractual agreement fair is called the forward 
price. At the start of the contract , the delivery 
price and forward price should be equal . 
However, as time passes, the forward price will 
usually differ from the delivery price. 

While financial institutions sell currency for
wards and interest rate forwards, there are no 
natural gas forwards sold by the same institu
tions. However, a fixed-price long-term contract 
can be considered to be a series of forward con
tracts. 1  Once this is recognized, pricing such a 
contract becomes a matter of applying the for
mula for pricing a forward contract. 

Fixed-price long-term contracts can be 
used for hedging purposes as they allow the 
buyer and seller to lock into prices and supply 
in advance. This makes planning easier as the 
future cash flows are known in advance. How
ever, such contracts are inflexible because al
though they protect the parties against adverse 
price moves, they do not allow the parties to 
take advantage of favorable price moves. The 
opportunity cost for regulated utilities can be es
pecially high when regulators conduct prudence 
reviews of the utilities' gas purchases. In order 
to hedge such losses on fixed-price contracts, 
the parties could use futures markets. Alterna
tively, they could use flexible long-term con
tracts using the futures prices as references. 2 

1 Strictly speaking, most of the natural gas spot 
contracts can be classified as 30-day forward contracts if 
one conceptually considers the seller to deliver all the 
gas at the end of the 30-day period at the price agreed 
upon during bid week. 

2 For an elaboration of advantages of long-term 
contracts in today's natural gas industry and using fi
nance theory to price and design long-term contracts 
see Sanjoy Chatterjee, Long-Term Natural Gas Contract: 
ing with Electric Utilities: Rationales, Innovations and Pric
ing, Policy Analysis Exercise, John F. Kennedy School of 
Government, Harvard University, April l992. 
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Futures 

A futures contract is similar to a forward 
contract-two parties agree to exchange an as
set at a certain price at a certain future date. 
However, futures differ from forwards in that the 
former are standardized contracts sold on or
ganized exchanges. The exchange specifies 
product quality, delivery periods , delivery 
points, etc. (Table 1 0- 1  lists the specifications 
of the New York Mercantile Exchange 
[NYMEX] natural gas futures contract intro
duced on April 3 ,  1 9 90 . )  Forwards , on the 
other hand, are customized contracts negoti
ated between the two contracting parties. 

Actual delivery of the asset under futures 
contracts occurs in under 5 percent of futures 
transactions. Usually a participant enters into 
an offsetting futures contract with the same de
livery month as the original futures contract and 
thus closes out the original position prior to 
maturity. 

The NYMEX natural gas futures market 
has been successful since its inception. As of 
April 30, 1 992 ,  NYMEX reported an open inter
est in over 36,000 contracts. Marketers and 
producers accounted for the majority of posi
tions, with shares of 54 .7  and 1 6 . 1  percent, re
spectively. 

As illustrated below, futures can be used 
to hedge either the asset itself or a forward 
contract . 

• Example 3. 1: A producer can lock into a 
current favorable spot price for gas that is 
inventoried by selling natural gas futures 
contracts that expire approximately at the 
same time as when the producer expects to 
sell the gas. At maturity, if the spot price for 
gas is lower than the delivery price, losses 
on the sale of inventoried gas will be offset 
by gains made on the futures transaction. 

• Example a.a: A utility has contracted to 
purchase gas at a fixed price at the end of 
6 months. Thus, the utility has a long posi
tion in gas. In order to lock in the price 
and hedge against a drop in the price of 
gas, it will sell a similar quantity of natural 
gas futures at the same price (i.e . ,  assume 
an equal short position) . At the end of 6 
months, any gains/losses on the actual gas 
purchase will be offset by losses/gains on 
the futures transaction. (The utility would 
have to obtain regulatory assurances that 
gains and losses on futures transactions 
would be treated equally.) 

It must be noted that hedging with futures 
poses some risks of its own: 

• Basis risk: The hedges described above 
are perfect hedges where losses and 
gains completely cancel each other out. 
Such hedges rarely occur in practice. For 
example, in the gas industry there is a dif
ferential between the NYMEX gas futures 

TABLE 1 0.1 
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SELECT FEATURES O F  NYM EX NATURAL GAS FUTURES CONTRACT 

Contract Size 

Minimum Price Fluctuation 

Maximum Daily Limit 

Trading Horizon 

Last Trading Day 

Delivery 

Delivery Period 

1 0,000 MMBTU (million British thermal units) 

$0.001 /MMBTU 

$0. 1 0/MMBTU . During the month preceding delivery 
there is no limit. 

1 8  consecutive future months 

Close of business six business days prior to first 
calendar day of the delivery month. 

Henry Hub (Sabine Pipeline Company) in Louisiana. 
Hub fee is paid by the seller. 

From first calendar day of delivery month until (and 
including) the last calendar day of the same month. 

SOURCE: New York Mercantile Exchange (NYMEX). 



price and the price of gas elsewhere in 
the United States (except Henry Hub, the 
delivery point) . This differential ,  called 
the location basis , varies with time and 
thus poses a risk of its own. Conse
quently; the hedger must be careful to ac
count for this risk when hedging. 

• Cash flow risk: At the end of every day; 
the futures contracts are market-to-mar
ket , i .e. , the futures prices on contracts are 
adjusted to reflect the closing price for the 
day. Daily gains and losses are calculated 
for all positions. The margin accounts, 
which are good faith deposits put down by 
futures participants with brokers, are then 
adjusted for these gains and losses. In the 
event of large losses an entity might fmd 
that it does not have sufficient cash flow to 
cover such losses (as required by 
NYMEX) . This could be dangerous, espe
cially for a hedger near bankruptcy. 

• Credit risk: Since the futures position is 
used to hedge a forward position (or long
term contract) , the hedger must ensure that 
the underlying contract is not breached. 
Such an event would leave the hedger with 
a naked futures position with potentially 
large losses. Flexible design and efficient 
pricing of long-term contracts can reduce 
the likelihood of contract breaches. 

• Managerial risk: Hedging is a complex 
process and lack of understanding can 
lead to overhedged or underhedged po
sitions. Furthermore, controls must be im
posed on managers to ensure that they do 
not speculate when the objective of partic
ipation in the futures market is to hedge. 

Even if gas industry participants do not take 
positions in futures,  they can use the futures 
prices for reference in pricing long-term and 
spot contracts. Those taking positions in the fu
tures market have substant ial amounts of  
money at stake and thus attempt to gather as 
much information as possible on factors that 
would affect future gas prices. This information 
is factored into futures prices, which when used 
in conjunction with local spot prices can lead to 
efficient term contract pricing. 

Options 

Options are of two basic types: call options 
and put options. Options can be either on assets 

like stocks, grains, etc. , or on other derivative in
struments like futures (as in the case of crude oil 
and as proposed for natural gas) . 

• Call options: The holder of a call option 
has the right (but not an obligation) to buy 
the underlying asset (or futures) at a par
ticular price (strike price) on a particular 
date in the future (exercise date) . The 
buyer of the call option must pay an option 
premium to the seller. This premium is 
calculated using a standard formula called 
the Black-Scholes formula. 

• Put options: A put option gives the owner 
the right (but not the obligation) to sell the 
underlying asset at the strike price on the 
exercise date.3 As in the case of call op
tions , the premium. that the buyer must 
pay the seller can be easily calculated. 

Natural gas options on futures have been 
proposed by NYMEX and are expected to be 
launched soon (Table 1 0-2 describes certain 
features of the NYMEX natural gas options on 
futures) . Options can be used to hedge price 
risk like long-term contracts and futures; in ad
dition, they allow the holders flexibility to take 
advantage of favorable price moves. More
over, options can be bought at a number of dif
ferent strike prices,  whereas one can buy fu
tures only at the prevailing market price. 

• Example 4. 1: In order to put a floor on the 
selling price of its gas in inventory; a pro
ducer can buy put options with a strike price 
at that limit . If the spot price of gas in
creases, the producer lets the option expire, 
sacrificing the premium but gaining on the 
higher gas sale price. If the price of gas de
clines below the spot price, the producer 
can exercise the put option and thus obtain a 
short position in natural gas futures contracts. 

The gain on exercising or liquidating this 
futures contract offsets the loss on the in
ventoried gas sale . Alternatively, the 
producer could sell the now-higher value 
put option and make a profit on the sale 
thereby reducing losses on the gas sale. 

Option pricing theory can also be used to 
design long-term contracts with ceilings and 

3 These definitions are strictly true for European 
options, which can be . exercised only on the exercise 
date. An American option can be exercised at any date 
prior to its maturity. 
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TABLE 1 0.2 

PROPOSED FEATURES FOR NYMEX OPTIONS ON GAS FUTURES 

Size of contract 

Minimum Price 
Fluctuation 

One NYMEX natural gas futures contract 

$0.001/MMBTU (million British thermal units) 

Trading Horizon 

Last Trading Day 

1 2  consecutive future months 

Close of business on the third Friday of the month prior to the 
delivery month, provided that there are at least 3 days remaining to 
trade in underlying futures contract. 

Strike Price At least eleven strike prices are available anytime for calls and puts 
on underlying futures. The strike prices are in increments of 
$0.05/MMBTU 

Exercise No later than 6 p.m. or 45 minutes after the option price or the 
underlying futures price is posted, whichever is later, on any day 
prior to or on the day of option's maturity. 

SOURCE: New York Mercantile Exchange (NYMEX) 

floors in order to protect the buyer and seller 
from adverse price movements. These con
tracts can be priced using option pricing meth
ods resulting in efficiently priced contracts that 
hedge supply and price risks. 

Swaps 

In a swap arrangement, one party agrees 
to pay the swap offer or a fixed price (or a 
price determined by formula) for the underly
ing asset . The swap price is periodically 
compared to a reference price and the parties 
then exchange p ayments depending on 
where the swap price is relative to the refer
ence price. 

Natural gas swaps are offered by several 
financial institutions like Banque Paribas , 
Philbro, Chase Manhattan , etc. , with terms 
ranging from 1 to 5 years. ' 

• Example S. I :  An intermediary offers a 

1 76  

swap purchase contract to  an end user 
who wishes to establish a ceiling price to 
limit losses on ongoing gas purchases due 
to a rise in prices. The established refer
ence price is the monthly average of the 
Henry Hub cash price. At the end of ev
ery month, the swap fixed price is com
pared to the reference price. If the refer
ence price is below the swap price, then 

the end user pays the intermediary the 
per million BTU difference in prices on the 
entire volume covered by the swap. If the 
reference price is above the swap price, 
the intermediary pays the million BTU dif
ference in prices to the end user. 

Swaps can thus fix gas costs for an end 
user, making it easier for the end user to plan 
and obtain financing_ on projects ; producers 
can also be guaranteed a fixed revenue stream 
with swap sale contracts. However, benefits 
from any swap must be evaluated against costs 
like transactions costs, potential losses from 
illiquid swap market conditions, evaluating the 
intermediary's credit rating, etc. 

Conclusion 

This discussion has provided an overview 
of the different financial tools that are available 
for price risk management in today's deregu
lated natural gas industry. The examples given 
above are illustrative and do not outline the only 
possible way to use these instruments. Differ
ent users will find different uses for the instru
ments or hybrids of the same depending on 
their individual risk profiles. While there are 
pitfalls, judicious use of these instruments can 
help gas industry participants better manage 
their gas portfolios. 



c 

OVERVIEW 

The natural gas industry is in a position to 
make a significantly greater contribution to the 
future energy needs of the nation. The gas in
dustry has a strong and bountiful resource 
base that can meet the energy needs of its cus
tomers for many years to come, an extensive 
and expandable delivery system in place to 
supply natural gas when and where needed, 
and a product that is completely consistent with 
national policy. 

Although faced with strong competition 
from other energy sources, the industry; if it 
chooses, can increase the market for natural 
gas by focusing on customers, determining 
their needs, and providing the products, ser
vices, and gas based technologies required to 
meet those needs. To achieve this, the up
stream and downstream industry sectors will 
have to cooperate on a level not achieved in the 
past. A past history of fragmentation and frac
tiousness within the industry is recognized as a 
major barrier that needs to be replaced in or
der to effectively compete in a deregulated 
market and provide quality service to cus
tomers. 

The transition to a free market at the pro
ducer and pipeline level has fostered healthy 
competition that provides customers with ben
efits at the burnertip that were not available in a 
fully regulated industry. 'Ib achieve the full po
tential that natural gas offers in meeting energy 
needs, the process of replacing regulation with 
competitive market forces needs to continue. 

State commissions should allow the transition to 
a free-market environment at the local distribu
tion company (LDC) level wherever possible, 
while protecting those core customers who re
quire full LDC service. 

ISSUES AFFECTING THE INDUS
TRY MARKETING POTENTIAL 

'Ib achieve its potential, the industry as a 
whole needs to recognize and resolve issues 
affecting its marketing capability in order to im
plement a proactive marketing approach that 
concentrates on the customer and stresses the 
value that natural gas provides in meeting their 
energy needs. Some of the specific issues that 
the industry needs to address are: 

• The perception existing on the part of 
some customers and regulators that the in
dustry does a poor job of marketing natu
ral gas. 

• The heavy focus of the industry on major 
growth potential markets such as power 
generation and gas cooling is important, 
but traditional markets such as residen
tial/commercial space conditioning and 
industrial heat processing are not captive 
and are being targeted by electric com
petition as growth opportunities. 

• The view that the industry is not providing 
an adequate level of support for the re
search, development, and commercializa
tion of efficient new gas utilizing technol
ogy at the end-user level. Furthermore, 
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the industry itself is often seen as not com
mitting to and adopting new gas technolo
gies that could meet its needs and provide 
commercialization support in areas such 
as fleet vehicles ,  cooling, and engine
drive requirements. 

• Fragmentation and p ast fractiousness 
within the industry have contributed to a 
c::oncern on the part of some customers 
that the industry is not completely reliable. 
The information provided to customers 
concerning availability, deliverability, and 
price trends directly affects customers' 
deliberations on energy decisions, and 
also contributes to customers' perceptions 
of industry reliability. 

• A dichotomy still exists between the in
dustry's need to compete and grow, while 
being handicapped by existing regula
tions that can prevent the process. 

• Buying natural gas can be very compli
cated. While the unbundling of services 
in the upstream sectors of the industry 
provides many benefits to customers, a 
higher level of understanding on the part 
of customers ·is required. 
.All of the issues identified that inhibit the 

marketing of natural gas can be overcome by a 
concentrated, cooperative effort by all segments 
of the industry. A synergistic industry concen
trating on identifying and meeting customer 
needs will enable natural gas to reach its full po
tential in supplying the nation's energy needs. 

MARKETING RECOMMENDA
TIONS 

The industry already has t aken major 
steps to improve its ability to market natural 
gas based on customer needs. Specific rec
ommendations that the industry should imple
ment in order to successfully market in today's 
competitive environment include: 

• The industry needs to improve its overall 
marketing capability by adopting the phi
losophy that it will meet customer needs, 
as defined by the customer, and provide 
the resources and planning that will ac
complish this. 

• The industry needs to provide an ade
quate level of support for the development 
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and commercialization of efficient new gas 
utilizing technology at the end-user level. 
This support is critical to the success of 
the industry in using new efficient gas 
equipment to develop new markets and 
remain competitive in existing markets. 

• The industry must actively commit to and 
adopt new gas technologies when eco
nomical. It is a tremendous potential pilot 
resource for new gas technologies such 
as natural gas vehicles and gas cooling 
and this built-in market can offer manufac
turers of newly developed gas equipment 
a strong commercialization resource. 

• The industry ne�ds to focus a major ef
fort on demand growth, which will be a 
function of both the development of ma
jor market opportunities such as electric 
power generation, natural gas vehicles 
and gas cooling, and the identification 
and maximization of opportunitie s in 
niche markets such as gas engine drive, 
environment al emissions control,  gas 
heat pumps,  gas process cooling, and 
conversions. 

• To increase demand at the LDC level, ag
gressive programs are needed to maintain 
existing market shares and to build new 
markets. Producers and pipelines need to 
support and leverage LDC efforts to com
pete in and increase markets by providing 
a full range of gas services designed to 
meet customer gas acquisition needs. 

• Competition from other energy sources 
will be robust and will require the gas in
dustry to focus on meeting customer 
needs in order to retain market share in 
existing markets, while developing new, 
non-traditional markets for natural gas. 

• The gas industry jointly must educate cus
tomers about future availability and costs, 
the capability and reliability of the deliv
ery system, and the development of new 
services and technologies that can satisfy 
customer needs. 

• The industry and state regulators must 
find the correct way to allow the benefits 
of a free-market approach to accrue to the 
LDC level while at the same time protect
ing the core customers. 



• The industry as a whole needs to make it 
as easy as possible to be a customer. The 
purchase and delivery of gas to the cus
tomer should be made simple and reli
able within terms of the contract . 

MARKETING CAPABILITY 
A significant challenge facing the industry 

in the efforts to increase demand is its capabil
ity to market the product. The general percep
tion, especially among large customers, is that 
the industry needs to be more effective in its 
marketing efforts-a view that was strongly re
inforced by the focus group analysis. 

The fact that the industry was heavily reg
ulated until recently accounts in part for a gen
erally conservative approach to the market
place. Until the deregulation of the upstream 
segments of the industry began during the 
1980s, normal risk/reward factors prevalent in 
other industries' marketing approach could not 
assume the role within the gas industry that 
they now are beginning to play: While offering 
the opportunity for the industry to change its 
approach to the marketplace, the deregulation 
process is also offering customers many more 
choices in meeting their energy needs than 
they had a few years ago. Customers can now 
begin to select and purchase the level of ser
vice they desire at the risk they are willing to 
assume. In a regulated industry; IDCs had the 
major responsibility for marketing the product. 
Deregulation in the producing and pipeline 
sectors of the industry has enabled them to 
market directly to the end users and this has re
quired a transition on their part to a market 
driven approach. Deregulation also resulted in 
the creation of a new industry segment-the 
marketing company: The industry now is in the 
process of determining what marketing ap
proaches best fit all of its segments in this in
creasingly non-regulated environment. 

Another major perception that the indus
try must recognize and address in its approach 
to the marketplace is that of reliability: The 
regulatory-induced gas supply shortages of 
the 1 970s remain very much in the minds of 
some customers as they make their energy 
decisions. Inconsistent information concern
ing availability; likely price trends, deliverabil
ity; and regulatory trends influence customer 
deliberations as they make energy decisions 

that will affect them and the gas industry for 
many years. 

The industry needs to respond in a con
sistent manner to the reliability concerns on the 
part of customers as a key element of its mar
keting efforts. Determining customer needs 
and meeting them with agreements that pro
vide competitively priced contracts consistent 
with the levels of service and security required 
by the customer is a necessary ingredient in 
the process. Customers must feel confident 
that they will receive, on a consistent and reli
able basis, the level of service for which they 
contract. The ability of the gas industry to per
form as agreed to and expected by the cus
tomers will go far toward reducing concerns 
about the reliability of service. 

In addressing customers needs in today's 
marketplace, the gas industry cannot afford to 
function as order takers, but needs to take an 
aggressive approach. 'lb be successful in com
peting in the market, it is essential to develop 
multi-level relationships with customers: learn 
what their decision-making process is, why 
they make the energy decisions they do, and 
become an integral part of that process. 

Whether stated as being market driven, 
customer oriented, or customer responsive, all 
segments of the industry need to adopt a mar
keting philosophy that will meet the customer's 
needs as defined by the customer if natural gas 
is to achieve its potential in meeting the nation's 
energy requiremen�. 

Throughout the industry, a number of pro
ducers, pipelines, and LDCs have developed 
effective and successful customer-oriented 
marketing approaches. The industry should 
identify and use these successful marketing ap
proaches as a benchmark. These companies 
may differ in their approach to the marketplace 
in some aspects, but they do have many things 
in common that the industry as a whole needs 
to understand and adopt as initiatives in their 
approach to the marketplace. These factors in
clude: 

• Classifying customers based on their buy
ing characteristics, in order to begin to un
derstand their needs, designing specific 
plans to meet those needs, and developing 
continuing strategic partnerships with 
them. The traditional market segments of 
residential ,  commercial , industrial, and 
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power generation are far too broad to be 
addressed as entities in today's market . 
Within each are groups of customers 
whose needs and buying characteristics 
are unique, and these have to be identified 
and addressed. 

• Developing and implementing functional 
business plans that define the markets, 
locate the opportunities and the prob
lems, identify the resources required, 
and provide the road map to meet the 
opportunities. 

• Developing trained and motivated market
ing personnel by providing both technical 
and sales/marketing training to enable 
them to understand and meet the needs of 
the customer. 

• Establishing an in-depth customer data 
base in order to develop and maintain 
customer information necessary to iden
tify and meet their needs, define trends, 
identify market opportunities, and track 
competitive activities. 

• Focusing on reducing costs and increas
ing benefits to customers by encouraging 
the adoption and use of high efficiency 
gas equipment at the end-user level. 

• Implementing a comprehensive and con
tinuing customer communication program 
consisting of approaches such as newslet
ters, seminars, and profile sheets to inform 
them of the benefits of  gas , industry 
trends, and potential new uses that cus
tomers should consider. 

• Establishing a sustained quality program 
in order to provide customers with the 
best service possible and to continue to 
change the industry approach to the mar
ketplace from one that is regulatory 
driven to one that is customer driven. 

• Using the end-user distribution channels 
at the IDC level such as equipment manu
facturers, engineers and architects, and 
mechanical contractors to leverage mar
keting efforts and help build preference 
for the gas option in the customer's mind. 

Within the gas industry itself, there exists a 
framework that has been used to address com
mon problems. Umbrella organizations such as 
American Gas Association (AGA) , Interstate 
Natural Gas Association of America (INGAA), 
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Natural Gas Supply Association (NGSA) , and 
Independent Petroleum Association of America 
(IPAA), along with regional gas councils, have 
been used to fill this role. These resources 
could be used in innovative ways such as train
ing, distributing informational materials, and 
coordinating target marketing support to help 
industry segments when the need arises. 

All marketing segments of the industry 
will have to adopt a customer focused market
ing effort and work together to implement it in 
order to increase the consumption of natural 
gas. Along with the earlier deregulation of the 
producer sector, the implementation of the 
FERC Series 636 Orders will complete the un
bundling of the pipeline merchant function, -
and means that many gas end users who were 
not direct customers of  the producer and 
pipeline community will assume that role in the 
future. 

A final area that strongly affects the indus
try's marketing capability is its fragmented na
ture. Rather than working cooperatively to
gether to meet the needs of the customer, the 
industry segments have, at times, put self-in
terest ahead of customer need with the result 
that customers sometimes view the gas indus
try as unresponsive. One result of the highly 
regulated past was that there were competi
tive arguments within the industry usually re
sulting in adversarial regulatory proceedings, 
and these situations made pursuing coordi
nated marketing efforts to grow new markets 
more difficult . The industry must continue to 
address this situation to ensure the develop
ment of cooperative relationships among in
dustry segments, which will enable the gas in
dustry to meet customer needs in the most 
effective way possible. The formation of the 
Natural Gas Council is an excellent first step. 
Another approach could be to have commit
tee members in organizations such as AGA, 
INGAA, NGSA, and IPAA serve temporarily 
where possible in cross-functional roles in 
each others' organizations to facilitate the ex
change of ideas and communication among 
the industry sectors. 

MARKETING FOCUS 
While all segments of the industry are in

volved in meeting customer needs on the gas 
supply side, the major responsibility for devel-



oping new markets and meeting competitive 
energy source threats at the end-user level lies 
primarily with the LDCs. Producers, pipelines, 
and marketing companies obviously have a 
vested interest in helping LDCs win new mar
kets and meet the competition in existing mar
kets. They also have a direct interest in and re
sponsibility for many larger industrial facilities 
and power generation markets. 

LDCs need to expand their systems wher
ever possible , adopt innovative new ap
proaches to the market where allowed-such 
as equipment financing or cooperative adver
Using-encourage and champion the use of 
new efficient gas utilizing equipment, and ag
gressively pursue opportunities to market the 
gas option. 

The industry has identified power genera
tion, natural gas vehicles, and cooling as major 
market opportunities, and has developed an in
dustry wide focus on developing these mar
kets. Along with these major opportunities , 
there are strong potential niche markets such 
as cogeneration, direct engine drive, waste re
cycling and reuse, gas-based steel making, 
residential heating conversions, and lifestyle 
enhancements such as gas logs that could re
sult in incremental gas consumption. 

Whether dealing with the major potential 
market opportunities or the smaller niche mar
kets, the industry needs to help attach added 
value to the product. Assisting customers by 
providing them with information on the efficient 
use of gas, educating them on newly emerging 
gas technologies, assisting them in securing air 
quality permits for gas equipment applications, 
and providing life-cycle cost information to 
support them in their decision-making process 
are examples of value added services that will 
truly help customers. 

A logical approach for the industry to use 
to develop new market opportunities is to form 
industry teams to provide support for the 
demonstration of effective new technology; as
sist manufacturers in evaluating the results, de
velop a marketing plan on a national and re
gional basis, and work with the manufacturers 
to commercialize the product. Regulatory con
straints on the recovery of these costs discour
age this type of approach. The industry needs 
to work with state regulators on how the ex
penses of market development and technology 

commercialization are handled before LDCs 
commit significant funding to this type of pro
cess. At this time, regulation offers little incen
tive to expend resources on the commercializa
tion and promotion necessary to help develop 
markets. This contrasts with the non-regulated 
markets, where business can reap the benefits 
of expenditures made to develop new markets. 

While the major effort to expand gas con
sumption should appropriately be focused on 
the new large potential markets, the gas indus
try also needs to concentrate on its traditional 
core customer base. Residential and commer
cial space conditioning customers, as well as 
traditional industrial process steam and heat 
process customers ,  represent a very large 
share of today's market . In 1 99 1 ,  for example, 
consumption for these customers represented 
almost 80 percent of total throughput. These 
are not captive markets. Viable alternatives ex
ist in all of these applications. While the cus
tomer is unlikely to switch to an alternative en
ergy source in the short term, a substantial 
portion of this market could switch to an alter
native fuel over a longer period of time. These 
markets, particularly the high value residential 
and commercial space conditioning and appli
ance areas, could be eroded over time if their 
needs are not addressed. Substantial contin
ued effort must be made on the part of the gas 
industry to continue to maintain and expand the 
gas share in these markets. 

DEMAND SIDE TECHNOLOGY 

The introduction of new products will play 
a major role in the industry's effort to increase 
the use of natural gas. Demand-side technol
ogy will increase the efficiency of existing gas 
equipment , allowing the industry to remain 
competitive in existing markets, and provide 
the potential to gain new markets by develop
ing and offering effective gas alternatives to 
competitive technologies. 

The Gas Research Institute (GRI) is the 
major focal point of the gas industry's research, 
development , and demonstration (RD&D) ef
forts and the industry must satisfactorily resolve 
the GRI funding issue so that it can continue as 
a major  gas industry asset . There is 
widespread recognition that the industry needs 
a strong research and development program. 
The consensus of the focus groups was that the 
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industry's research and development efforts 
are going in the right direction and have been 
reasonably successful, but should be increased 
in coverage and funding. 

One possibility for increasing the size of 
the RD&D effort is to provide direct funding. 
The producing sector of the industry has been 
very active in providing supply-related RD&D 
funding in the form of private investment and 
has been allowed to realize the benefits of this 
investment. LDCs have been far less active in 
supplying direct funding for the development 
of end-use technologies because state regula
tion many times does not allow them the ben
efits accruing from the investment. State regu
lators could stimulate LDC participation in 
RD&D funding by allowing them to retain 
more of the benefits derived from successful 
RD&D activities. 

Direct funding of end-user RD&D to com
plement the GRI activity would enable LDCs to 
speed the development of specific technology 
that has significant impact in their market area. 
This direct funding should be organized in con
junction with GRI's program to eliminate dupli
cation of effort and to allow the benefits from 
the work to flow to other technology efforts in 
cases where synergies exist. 

At the federal level, the industry needs to 
continue its efforts to ensure that natural gas re
search gets an equitable share of the DOE fos
sil fuel research dollars. While natural gas sup
plies about 24 percent of the energy consumed 
in the United States, funds allocated to natural 
gas research have varied between 2 and 6 per
cent of federal fossil fuel research funding over 
the last 1 3  years. Funding dedicated to coal 
has represented a large 85 to 90 percent of fed
eral fossil fuel research funding. The increased 
recognition that the abundant natural gas re
source base can support a much larger share 
of the nation's energy demand should result in 
a more balanced allocation of the federal gov
ernment's fossil fuel research budget. 

Another area of concern involves the ade
quacy of the gas industry's past and current ef
forts at commercializing new technologies. 
Questions exist regarding the industry's com
mitment to and support for the commercializa
tion of new gas technologies. Currently, certain 
segments of the industry are involved in the 
commercialization process, but for the most 
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part these efforts are modest and uncoordi
nated. Combined efforts within the industry to 
provide commercialization support in the form 
of commercialization centers are an appropri
ate start, but need to be expanded. 

Most equipment manufacturers are fuel 
neutral and will supply whatever the markets 
want and what they feel can be profitable. The 
current overreliance of the industry on manu
facturers of end-use equipment to establish the 
market has to be replaced with an industry 
plan to support them as partners in developing 
an industry-wide end-user technology com
mercialization plan. A number of industry or
ganizations should be involved in the develop
ment of this plan , including GRI , AGA, and 
INGAA, among others. The gas industry has a 
vested interest in making sure that the market 
is asking for the gas option and that manufac
turers see gas-fired equipment as a profitable 
option. A strong first step toward this end 
would be for the industry to increase and coer
dinate commercialization support by: 

• Actively committing to and adopting new 
gas technologies when economical. The 
gas industry itself is a tremendous pilot re
source for new technologies such as natu
ral gas vehicles, gas cooling, fuel cells, and 
the emerging gas heat pump. This poten
tial built-in market can offer manufacturers 
strong commercialization support. 

• Addressing the issue that a number of 
promising gas technologies (e . g. , gas 
heat pumps, gas space cooling) are slow 
in being accepted in the market because 
of higher initial costs than competitive 
equipment . The industry needs to fmd a 
way to help offset some of the first cost 
different ial while new pro ducts go 
through the market entry phase . Be
cause gas equipment can usually com
pete very effectively on life-cycle costs, 
the industry needs to focus on and com
municate the benefits of gas equipment's 
lower life-cycle costs to a diverse audi
ence , including: potential customers,  
lending institutions, equipment manufac
turers, trade associations, the building in
dustry; architects, and engineers. 

• Developing funding approaches and sup
porting policies that will enable the GRI to 
play a more prominent role in the later 



stages of the commercialization of new 
technologies in conjunction with gas indus
try groups and equipment manufacturers. 

• Building on and expanding the activities of 
the existing gas industry commercializa
tion centers and possibly combining them 
with an enhanced GRI commercialization 
role . An example is the Industrial Gas 
Technology Commercialization Center, 
established under the auspices of the 
AGA, which provides financial support to 
demonstrate  and commercialize new 
technologies for industrial customers . 
The GRI currently plays an active role in 
the Center through the funding of specific 
demonstration projects. Similar centers 
have been established for the natural gas 
vehicle and cooling markets. Participation 
by additional industry players would in
crease the effectiveness of the centers and 
allow additional centers to be established 
to help commercialize technologies 
aimed at other markets such as residen
tial/commercial space heating and water 
heating. The electric industry has done 
very well with this approach by establish
ing Electric Power Research Institute 
Technology Centers to support the devel
opment , testing, and commercialization of 
electro-technologies. The gas industry 
can learn from the competition. 

THE COMPETITIVE 
ENVIRONMENT 

The natural gas industry has the potential 
and capability to compete with alternative en
ergy sources. The only thing that can prevent 
the gas industry from being competitive with 
other energy sources and expanding its role in 
meeting the nation's energy needs is the gas 
industry itself. Competition within the industry 
segments is healthy and will result in better 
service and more products that meet customer 
needs. While the constructive expression of 
ideas and points of view is a useful and benefi
cial process for planning the gas industry's fu
ture, unnecessary internal fragmentation and 
fractiousness make coordinated marketing ef
forts very difficult . Cooperative efforts across 
the industry segments need to be increased to 
meet the competition by creating and sustain
ing the services and reliability that meet cus
tomer needs. 

The major external competition the indus
try faces is in the form of coal in the power 
generation area and in some industrial boilers, 
in the form of electric in many end-use applica
tions, and in the form of oil usage in some resi
dential/commercial heating markets, and in
dustrial boilers. Oil in the form of reformulated 
gasoline will be the main competition in the 
evolving natural gas vehicle market along with 
the evolution of electric vehicles. 

Coal has increased sales in the electric 
power generation market for all but 2 of the last 
22 years. Coal currently has a 55 percent share 
of this market , up from 46 percent in 1 970. In 
this same period, nuclear generation went from 
essentially zero to a 2 1  percent share. Much of 
these increases was due to decisions by tradi
tional gas-consuming utilities to diversify their 
fuel mix and the enactment of the Powerplant 
and Fuel Use Act . Both were prompted, to a 
degree, by the long-term gas supply concerns 
in the 1 970s. Since the mid 1 970s, the natural 
gas share of the power generation market has 
declined from 24 to 9 .4  percent . Coal's suc
cess can be attributed to several reasons: 

• Large known reserves 

• Low price compared to natural gas 

• Visible, tangible, and can be stored at the 
point of use 

• Substantial governmental support in the 
form of R&D funds to develop clean coal 
technology. 

The coal industry also structured itself to 
survive and make a profit in very lean times. 
Gas producers have developed this approach 
as well and the industry must continue to do so 
in all segments. 

Based on electric industry projections of 
new capacity to be built in the 1 990s, natural 
gas has the opportunity to do very well. The 
industry; however, should not take anything for 
granted. The gas industry needs to push its 
major advantages in the competition against 
coal. The overwhelming environmental bene
fits, the ease and flexibility of use, the size of 
the resource base, and the lower capital cost 
requirements compared to coal add consider
able value to the product and can be used to 
off-set the market price differential between 
gas and coal. The gas industry can also lay 
the groundwork for mutual cooperation with 
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the coal industry in areas such as seasonal co
firing and reburn where natural gas can help 
coal-fired facilities meet emission require
ments. 

Strong competition from the electric in
dustry in traditional gas markets will be a ma
jor challenge for the industry in coming years. 
The electric industry, as a whole, has done 
very well in positioning electric equipment as 
modern, efficient, and highly productive. The 
structure of the electric industry is such that the 
production, transmission, and distribution of 
electric power are more of an integrated oper
ation than the discrete segments of the gas in
dustry: This has allowed the electric industry to 
speak more effectively to the customer in one 
voice and makes it easier to develop regional 
and national strategies to promote the use of 
electric equipment and to target market. 

Another factor that will influence gas and 
electric end-use competition is the expanding 
role of Integrated Resource Planning (IRP) . 
While a wide variety of energy efficiency and 
Demand Side Management (DSM) type pro
grams have been underway in the gas indus
try for many years, implementation of IRP is 
expected to increase this trend. Since IRP re
quires utilities to investigate both supply side 
options, as well as demand related programs 
in determining the most cost-effective invest
ment options to deliver energy services to 
customers, IRPs will provide opportunities for 
both gas and electric utilities to compete. It is 
essential that the gas industry work closely 
with regulators to ensure that IRPs provide 
equal opportunity in the marketplace for gas 
equipment. The gas industry should plan now 
for the fact that state regulators will extend the 
DSMIIRP process to the gas industry at the 
LDC level. Properly designed IRP programs 
could be a major factor in speeding the ac
ceptance of efficient gas equipment by the 
marketplace. 

Oil competition is primarily regional in na
ture in the residential and commercial market 
sectors. In the East and Northeast, there still is 
major competition between oil and gas, with 
gas being the preferred customer option 
where available and competitively priced. 
Suppliers of oil to the commercial and residen
tial markets are defending their remaining cus
tomer base by raising safety concerns regard
ing natural gas. The gas industry needs to 
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defend against scare tactics by educating cus
tomers on the excellent safety record associ
ated with the use o f  gas and making them 
aware of the increasing availability of gas as 
new pipelines and distribution systems expan
sions are completed. 

In the industrial market, oil usage is pri
marily confmed to specialized uses where the 
inherent characteristics of the energy form is 
the major criteria, such · as feedstocks or by
products of refming operations that are con
sumed in the process, and to larger boiler op
erations where n atural gas is either not 
available or where oil has a significant price 
advantage. 

There is small rem aining potential to 
switch industrial oil consumption to gas since 
most industrial customers have already se
lected the gas option. There is, however, a ma
jor potential for industrial customers to switch 
from gas to oil because there is much fuel 
switching capability in place. If gas prices rise 
without a comparable increase in oil prices, 
these industrial users would have a major in
centive to switch from gas to oil. 

POWER GENERATION 

Power generation represents the greatest 
single market opportunity for the natural gas 
industry with a potential to supply an additional 
2 to 4 trillion cubic feet to this market. After a 
decline in natural gas consumption during the 
1 970s and early 1 980s, due to regulatory in
duced shortages, rapidly increasing prices, 
legislative initiatives such as the Powerplant 
and Industrial Fuel Use Act , and pessimistic 
supply estimates, the gas industry is seeing a 
renewed interest and opportunity to signifi
cantly increase the consumption of gas for 
power generation. Natural gas offers a number 
of advantages to the electric industry: 

• A large resource base. 

• Low capital costs compared to other elec
tric options. 

• Superior environmental characteristics. 

• G as generating plants require shorter 
lead time and can be built in modules. 

• High operating efficiencies resulting from 
improvements in turbine and combined 
cycles technology. 



Natural gas is positioned to be the solution 
to meet future generating demand growth by 
utilities and independent power producers. 
The high efficiencies offered by new gas-fired 
turbines and combined-cycle facilities, lower 
capital and non-fuel operating costs, modular
ity, and shorter construction time make natural 
gas a highly attractive solution to power gener
ation needs. In order to meet the promise that 
this market presents, the gas industry must 
work closely with the electric industry to re
solve their concerns about price, deliverability, 
and reliability. 

The gas industry has developed a proven 
track record in meeting the needs of the histori
cal electric generation market in the South, 
West, and New York. This same reliability has 
to be made available to power generators in 
the Midwest and the rest of the Northeast , 
where major opportunities exist to expand the 
market, and where there is far less experience 
in the use of natural gas as an energy source 
for power generation. The gas industry will 
have to invest in pipeline and storage expan
sions to serve these loads and will need to 
meet the pipeline pressure and instantaneous 
peak requirements that these large loads re
quire. These issues are engineering problems 
and can be resolved. The key criteria to the in
creased consumption of gas is the gas indus
try's ability and commitment to deliver gas at a 
competitive price when and where it is 
needed. 

Contractual arrangements will have to be 
flexible to meet the needs of utilities and inde
pendent power producers. The gas industry 
should continue to develop and refine specific 
product offerings for the electric industry such 
as storage and seasonal pricing to accommo
date the unique requirements of the electric in
dustry. 

The natural gas and electric power gener
ation industries must continue to develop and 
expand inter-industry communication, under
standing, and mutual problem solving through 
comparable industry groups. 

THE EFFECT OF REGULATION ON 
THE MARKETING ENVIRONMENT · The deregulation process in the produc
ing and pipeline sectors of the industry has en
abled the industry to begin to rely on market 

forces to define customer needs and to shape 
the products and services to meet these needs. 
Although a good deal of uncertainty remains, 
the industry is certainly headed in the right di
rection to take better advantage of the resource 
base and the delivery system. 

At the LDC level, regulators need to en
courage the shift to a competitive market 
wherever possible, while ensuring that core 
customers, who do not have the choices avail
able to them that a deregulated industry offers, 
are provided reliable service at a reasonable 
cost. Although LDCs will continue to be regu
lated by state commissions, this should not be 
used as an excuse for not taking a customer 
responsive approach to the market. To do so 
would be an inscribed invitation to their also 
regulated electric competitors to take over the 
end-user market. 

State commissions are struggling to re
spond to changes in federal regulation, such as 
the FERC Series 636 Orders, that have resulted 
in a growth of healthy competition within the 
gas industry: These changes are already af-

. fecting the services offered to and by LDCs 
and the risks and responsibilities being im
posed on them. Where it is to the customer's 
benefit , the state commissions should allow 
LDCs to function as fully as possible in this new 
competitive environment . Regulatory policy 
that continues to treat natural gas as a scarce 
commodity and favors existing customer 
groups over the development of new opportu
nities is short sighted in view of an available re
source base that can meet existing customer 
demand and new market opportunities while 
spreading costs over an increasing market 
base to the benefit of all customers. 

Regulators need to remove cross-subsi
dies of one class of customers by another. By 
artificially creating low prices for some classes 
of service and high prices for others, the mar
ket is being distorted and incorrect price sig
nals are affecting the decisions of buyers and 
sellers of service. 

As stated above, the industry should pre
pare for the adoption by state regulators of In
tegrated Resource Planning and Demand Side 
Management for the gas industry. These pro
grams are well established in the electric in
dustry. IRP and DSM will require an LDC to 
function both as an energy manager for itself 
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and for its customers, and will call for an exten
sive marketing resource reallocation on the 
part of LDCs. 

Another regulatory initiative that will sig
nificantly affect LDCs, and consequently the 
other segments of the industry, is the first 
phase of the National Appliance Energy Con
servation Act, effective January 1 992.  The Act 
mandates higher efficiency standards for ap
pliances manufactured after that date. Normal 
replacement of existing residential equipment 
and those installed in new construction will re
sult in the continued decline in average con
sumption per customer. The challenge will be 
to offset this decline by increased market 
share in the new construction markets and the 
pursuit of incremental loads such as gas logs, 
gas lights, and grills, which can offset losses 
due to the adoption of more efficient equip
ment. RD&D resulting in high efficiency gas 
equipment will be essential to enable the gas 
industry to continue to dominate and expand 
these markets. 

A unique regulatory issue facing LDCs 
that also impacts the rest of the industry are 
municipal building codes. These codes vary 
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significantly from area to area, and make it diffi
cult for the gas industry to attain timely ap
proval and acceptance of innovative technology 
that improves efficiency and speeds installa
tion. An example is the use of flexible piping. 
The industry should encourage a more uniform 
approach to technology innovations on the part 
of municipalities to ensure their effective intro
duction to the marketplace. 

CONCLUSIONS 

The potential of natural gas to meet an in
creased share of the nation's energy needs is 
readily apparent and the barriers to achieve this 
potential are within the ability of the industry to 
manage. The gas industry can choose a mar
keting approach encouraging healthy competi
tion among segments and an overall coopera
tive approach to meeting customer needs that 
will result in a growing market that recognizes 
natural gas as the future energy of choice. The 
combination of an aggressive customer-focused 
marketing approach with strong support for 
new gas technologies designed to meet cus
tomer needs is the best way for the gas industry 
to maximize that growth. 
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OVERVIEW 
This study has developed four recommen

dations for improvements in the area of leader
ship. First and foremost, the industry needs to 
develop a consistent and coherent vision of 
where it is going. Second, the industry needs 
to educate both itself and its customers on the 
facts about natural gas . Third , the industry 
needs to communicate and coordinate with its 
customers in order to best satisfy their objec
tives. Fourth, the industry needs to encourage 
and support its own internal natural gas use , 
especially in the areas of vehicles and cooling. 

WRY LEADERSHIP IS AN ISSUE 
Until recently; the U.S. natural gas industry 

could best be characterized as one in which 
the primary industry players had adversarial 
relationships with one another. The thrust of 
each participant's efforts has historically been 
to fight over a static pie rather than expanding 
the overall size of the pie. Dramatic changes in 
the industry due to deregulation, commodity 
price fluctuations, and overall economic condi
tions have further illuminated the problems 
with these relationships. Recent efforts by in
dustry participants to work together for the 
common good of increasing gas demand, such 
as the formation of the Natural Gas Council, 
give promise that the industry has acknowl
edged its troubled relationships and is working 

with a more unified approach toward industry 
improvement . However, further improvements 
in the leadership area are necessary as the in
dustry moves forward. 

Over time, the natural gas industry has ex
hibited many of the characteristics of an indus-

. try without strong leadership. There have been 
well known historical reasons for this. Perhaps 
the most significant reason is the lack of integra
tion of the various industry segments. There 
are very few integrated gas companies that own 
production, transmission, and distribution facili
ties. An industry as fragmented as the natural 
gas industry is structured to work separately. 

The regulatory framework has also been 
a very significant contributor to the lack of 
strong leadership in the natural gas industry. 
As long as transmission and distribution rates 
are regulated, there is a significant incentive 
for each party facing higher rates to reduce its 
share of the cost and increase the cost paid by 
others. This has created a number of conflicts 
among and between industry segments. For 
transmission companies,  it has created an en
vironment where producers have been com
peting against pipelines for merchant sales 
business. Also for transmission companies, it 
has created a rate case environment where 
distributors are attempting to reduce their 
share of cost and to increase other distributors' 
share of cost . In the distribution sector, it has 
resulted in the development of industrial user 
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groups and consumer groups attempting to 
minimize their share of cost paid by either in
dustrial or residential users. Discussions of the 
prospect of significant price rises and future 
shortages has also impacted potential use of 
natural gas. In recent times, the difficulty of 
funding the Gas Research Institute has provided 
a vivid example of the frustrations of an industry 
that understands the importance of technology; 
yet has difficulty finding the funds to finance the 
research and development activity: 

Summary of Focus Group Results 
The focus group participants confirmed 

many of the problems faced by the natural gas 
industry. The focus group summary has identi
fied a deep-seated mistrust and dislike for seg
ments of the natural gas industry among some 
publics. The study also identified mistrust by 
some consumers toward regulation and man
agement of regulated companies. Fractious
ness was identified by focus group participants 
as the most significant problem facing the in
dustry. The tendency of the gas industry's seg
ments to fight with one another was cited by all 
focus groups as one of the industry's least use,.. 
ful characteristics. 

While improving its credibility is one of 
the major challenges facing the industry, the 
other challenges highlighted by the focus · 
groups indicate an industry that could benefit 
from improved leadership ; these include the 
challenge to improve marketing and become 
customer driven, the challenge to improve reli
ability, and the challenge to reduce the impact 
of regulation. 

Traits of an Energy Industry 
Leader 

It is important to identify some possible 
traits that would define the natural gas industry 
as one with strong leadership. The first of these 
traits is providing a quality product as well as 
packaging that product with quality services 
that meet customer needs and expectations. A 
leading industry would be highly competitive 
and would have an influence in the overall 
growth of the market . Industry participants 
would find innovative methods for product ex
traction, transportation, and storage, as well as 
end use. The industry players would have 
healthy fmancial proflles and would use the 
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regulatory process to better serve their cus
tomers. And fmally, the industry would be a 
leader when it is perceived as trustworthy and 
reliable. 

Recent Efforts to Improve Leader
ship of the Natural Gas Industry 

There has been a substantial increase in 
the natural gas industry's propensity to work to
gether over the past few years. There have 
been many signs of this including the formation 
of the Natural Gas Council with participants 
from each industry segment and each major 
natural gas trade association. Overall, there 
has not been a time where producers were 
more interested in developing relationships 
with end users and distributors or where end 
users and distributors were more interested in 
developing relationships with producers. This 
is in part attributable to the move toward a 
competitive market initiated by the Federal En
ergy Regulatory Commission as well as an in
crease in industry awareness of the benefits of 
presenting itself as a unified industry to poten
tial customers . The progress that has been 
made to date in the area of leadership is signifi
cant, but there is additional progress required. 
The following recommendations have been de
veloped in this area of leadership to achieve 
that progress. 

RECOMMENDATIONS 

Create a Vision for the Natural Gas 
Industry 

An obvious first step in developing strong 
leadership for the natural gas industry is to cre
ate a consensus view on where the industry 
would like to be in the future. To this end, sev
eral organizations including the Department of 
Energy, the Interstate Oil and G as Compact 
Commission, and the Natural Gas Council have 
developed visions of where the natural gas in
dustry should be headed in the future. These 
visions are remarkably consistent and if the in
dustry can rally around these visions, it would 
be a major first step in achieving the appropri
ate role of natural gas in the U.S. energy mix. 

Educate 

There is a need for the industry to edu
cate itself as well as consumers and federal, 



state, and local regulators about the benefits of 
natural gas. 

• Actively publicize information about :  ( 1 )  
new estimates of  the North American re
source base; (2) improved technology to 
fmd and produce gas at lower cost than in 
the past; and (3) the absence of the need 
to maintain a reserve-to-production ratio 
above current levels. 

Supply, more than any other factor, has 
been identified as a constraint historically 
on the growth of natural gas. As a result of 
the industry's efforts in the past , supply 
can be made available on an economic 
basis to meet the demands of the natural 
gas industry and as such supply should 
not be viewed as a constraint . The in
depth analysis of the Source and Supply 
Task Group (Volume II) supports this 
statement . An active program to educate 
both the industry and the public about 
supply needs to take place. 

• Perform and publicize an objective analy
sis of the facts about life-cycle and other 
costs and environmental advantages of 
gas cooling and other applications. 

• Educate the industry about the need for 
an improved customer and service orien
tation. Too often customers are not con
sidered in the decisions by industry. Ef
forts should be undertaken by the natural 
gas industry to take the customer view. 

Communicate 

There is a need for better communication 
with potential customers in the industry. To that 
end , the following action items are recom
mended for implementation by the industry. 

• Improve communication and coordination 
between the natural gas and electric gen
eration industries. There have been sev
eral significant efforts in this area, includ
ing this NPC study itself as well as the 
Interstate Natural Gas Association's Power 
Generation Task Force. This communica
tion is an ongoing process that deserves 
the support of trade associations and indi
vidual companies. 

• The industry needs to encourage federal 
and state policies and guidelines that ex-

plicitly recognize the potential of natural 
gas to enhance national economic growth 
and achieve national environmental goals. 
While the industry has made significant 
progress in this area ,  an industry with 
strong leadership can be expected to con
tinue this effort . As part of this effort , the 
gas industry can benefit from a better un
derstanding of the issue of externalities 
and how the environmental characteristics 
of natural gas can be incorporated into the 
fuel choices of energy consumers. 

• The industry needs to communicate its 
willingness to install the facilities neces
sary to provide desired services on an 
economic basis . Not all end users are 
aware that natural gas facilities can be 
added on an economic basis to serve 
their needs. The industry needs to make 
potential customers aware and support a 
process that can put those facilities in 
place on a timely basis. 

• Communicate views among the various 
segments of the gas industry, end users, 
regulators,  and other governmental offi
cials with environmental, energy censer
vation, and consumer advocacy groups so 
as to support potential gas markets. The 
trade associations can be instrumental in 
implementing this recommendation. 

• Establish an identity of its own for natural 
gas as a clean fuel and as a sound busi
ness distinct from oil, as well as use mar
ket forces rather than regulation to achieve 
industry growth. 

.Act 
The NPC believes that individual compa

nies and organizations involved in the natural 
gas industry can help lead the industry by tak
ing an active role in developing applications for 
natural gas for their own use. This could be, as 
an example, purchase of natural gas vehicles 
for use in their own fleets. Another example 
would be the purchase of gas-fired cooling 
equipment to put in their own facilities. The in
dustry can take many actions itself to use natu
ral gas and thereby encourage potential cus
tomers of natural gas to make the decision to 
use natural gas in their facilities. 
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OVEIUlLL IMPACT OF 
RECOMMENDATIONS 

Implementation of the leadership recom
mendations is critical to achieving the optimal 
future of natural gas in the United States. While 
it is difficult to quantify the impact, without an 
increased effort by the industry to work to-
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gether, natural gas will be fortunate to maintain 
its existing market share and could face contin
ued erosion in market share over time. Con
versely, with proper leadership, the natural gas 
industry can achieve its optimal role in serving 
the energy and environmental needs of the 
United States. 
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The Secretary of Energy 
Washington, DC 20585 

Mr . Lodwr i ck M .  Cook 
Chai rman 
Nati onal Petrol eum Counc i l 
1625 K Street , N . W .  
Wash i ngton),;,� _.zooo6 
Dear Mr,/cook : 

June 25 , 1 990 

I 
Through th i s  transmi ttal , I am formal l y  requesti ng th at the N at i onal 
Petro l eum Counc i l (NPC ) perform two studi es that are curre nt l y  of 
cri ti cal  i ntere st to the Department of Energy . These stud i e s  are 
descri bed bel ow .  

Constrai nts to Expand i ng Natural Gas Producti on , Di s tr i but i on and Use  

I reque st th at the  NPC conduct a comprehens i ve anal ys i s  of the  
potent i al for natural gas to  make a l arger contri buti on , not o n l y  to  
our Nat i on ' s  energy supp l y ,  but al so to  the  Pre s i dent ' s  envi ronmental 
goal s .  The study shou l d  cons i der techn i cal , economi c and regu l atory 
constrai nts to expand i ng product i on ,  di stri but i on and the use  of 
natural gas . In  the conduct of th i s  s tudy , I woul d l i ke you to 
cons i der care fu l l y  the l ocati on , magn i tude and economi cs  of natural 
gas reserves , and the projected undi scovered and unconvent i onal 
resource ; the s i ze ,  k i nd and l ocat i on of future markets ; the outl ook 
for natural gas i mports and exports ; and potenti al barr i ers that coul d 
i mpede the del i verabi l i ty of gas to the most economi c ,  effi c i ent and 
envi ronmental l y  sound end - uses . 

Th i s  study comes at a cri ti cal t i me ,  g i ven the i ncreased i nteres t  i n  
natural gas , for deve l opi ng publ i c  and pri v ate sector confi dence that 
natural gas can make a greater contri but i on to the energy securi ty and 
envi ronmental enh ancement of our Nati on . I ant i c i pate th at the 
res ul ts of your work wi l l  be abl e to contr i bute s i gn i f i c an t l y  to the 
devel opment of the Dep artment ' s  pol i c i es and programs . 

The U . S .  Refi nery Sector i n  the 1 990 ' s  

U . S .  refi ner i e s  face s i gn i f i c ant ch anges to proces s i ng fac i l i t i es i n  
the next decade , parti cul arl y  i n  response to new env i ronmental 
l eg i s l at i on that wi l l  affect emi s s i ons and waste d i sposal  from 
refi neri es and the compos i t i on of motor fuel s .  Substan t i al 
i nvestments are l i ke l y  to be requ i red to comp l y  wi th proposed C l ean 
Ai r Act Amendments , i nc l udi ng prov i s i ons deal i ng wi th a i r tax i e s  and 
al ternat i ve fue l s .  There is  concern about the U . S .  eng i neer i ng and 
cons truct i on i ndustry ' s  capabi l i ty to des i gn ,  manufacture , and i nstal l 
qu i ck l y  the l arge number of new , soph i sti cated proces s i ng fac i l i t i e s 
that wou l d  be necess ary to supp l y  these fuel s .  

Product i mports , wh i ch are projected to i ncrease , may al so h ave to be 
treated d i fferently than i n  the pas t .  For examp l e ,  i f  U . S .  refi ners 
h ave d i fferent gasol i ne spec i fi cati ons ( e . g . , Re i d  V apor P re s sure , 
aromat i cs ,  ol efi ns , oxygen content ) than fore i gn refi neri es , i mported 
products may requ i re add i ti onal U . S .  refi n i ng .  

I request that the NPC assess the effects of these chang i ng cond i t i ons 
on the U . S .  refi n i ng i ndustry ,  the abi l i ty of that i ndus try to respond 
to these ch anges i n  a t i me l y  manner , regu l atory and other factors th at 
i mpede the construct i on of new capac i ty ,  and the poten t i al econom i c 
i mpacts of th i s  response on Ameri can consumers . 

I l ook forward to rece i v i ng your resu l ts from these two stud i e s  and 
wou l d  l i ke to be not i f i ed of your progress peri odi cal l y .  

S i ncere l y ,  

/: . / � 
James lD .  Watki ns 

r- Admi ral , U . S .  N avy (Ret i red)  

�/ .· 
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 

In May 1 946, the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/industry cooperation to the success 
of the World War II petroleum program. He felt that it would be beneficial if this close 

relationship were to be continued and suggested that the Secretary of the Interior establish an 
industry organization to advise the Secretary on oil and natural gas matters. 

Pursuant to this request , Interior Secretary J. A. Krug established the National Petroleum 
Council on June 1 8, 1 946.  In October 1 977 ,  the Department of Energy was established and the 

Council was transferred to the new department. 

The purpose of the NPC is solely to advise, inform, and make recommendations to the Sec
retary of Energy on any matter, requested by him, relating to oil and natural gas or the oil and 
gas industries. Matters that the Secretary of Energy would like to have considered by the Coun
cil are submitted in the form of a letter outlining the nature and scope of the study. This request 
is then referred to the NPC Agenda Committee, which makes a recommendation to the Council. 
The Council reserves the right to decide whether it will consider any matter referred to it . 

Examples of recent major studies undertaken by the NPC at the request of the Secretary of 

Energy include: 

• Unconventional Gas Sources ( 1 980) 

• Emergency Preparedness for Interruption of Petroleum Imports into the United States 
( 1 98 1 )  

• US. Arctic Oil & Gas ( 1 98 1 )  

• Environmental Conservation-The Oil & Gas Industries ( 1 982) 

• Third World Petroleum Development: A Statement of Principles ( 1 982) 

• Enhanced Oil Recovery ( 1 984) 

• The Strategic Petroleum Reserve ( 1 984) 

• US. Petroleum Refining ( 1 986) 

• Factors Alfecting US. Oil & Gas Outlook ( 1 987) 

• Integrating R&D Efforts ( 1 988) 

• Petroleum -Storage & Transportation ( 1 989) 

• Industry Assistance to Government ( 1 99 1 )  

• Short-Term Petroleum Outlook ( 1 99 1 )  

• Petroleum Refining in the 1 990s-Meeting the Challenges of the Clean Air Act ( 1 99 1 ) .  

The NPC does not concern itself with trade practices, nor does it engage in any of the usual 
trade association activities. The Council is subject to the provisions of the Federal Advisory 
Committee Act of 1 972 .  

Members of  the National Petroleum Council are appointed by the Secretary of  Energy and 
represent all segments of the oil and gas industries and related interests. The NPC is headed by 
a Chairman and a Vice Chairman, who are elected by the Council. The Council is supported 
entirely by voluntary contributions from its members. 
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NATIONAL PETROLEUM COUNCIL 

MEMBERSHIP 

William L. Adams 
Chairman and Chief Executive Officer 
Union Pacific Resources Company 

Charles W. Alcorn, Jr. 
President 
Alcorn Production Company 

Jack M. Allen 
Chairman of the Board 
Alpar Resources, Inc. 

Robert J. Allison, Jr. 
Chairman and Chief Executive Officer 
Anadarko Petroleum Corporation 

Eugene L. Ames, Jr . 
President 
Venus Oil Company 

Robert 0.  Anderson 
President 
Hondo Oil & Gas Company 

Ernest Angelo , Jr. 
Petroleum Engineer 
Midland, Texas 

Philip F. Anschutz 
President 
The Anschutz Corporation 

John B. Ashmun 
Chairman of the Board 
Wainoco Oil Corporation 

Ralph E. Bailey 
Chairman of the Board and 

Chief Executive Officer 
United Meridian Corporation 

D. Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 
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William W. Ballard 
President 
Ballard and Associates,  Inc . 

Victor G .  Beghini 
President 
Marathon Oil Company 

Jack S.  Blanton 
President and Chief Executive Officer 
Eddy Refining Company 

John F. Bookout 
Former President and 

Chief Executive Officer 
Shell Oil Company 

Donald R. Brinkley 
President and Chief Executive Officer 
Colonial Pipeline Company 

Frank M. Burke, Jr. 
Chairman and Chief Executive Officer 
Burke , Maybom Company, Ltd. 

Michael D. Burke 
President and Chief Executive Officer 
Tesoro Petroleum Corporation 

Bruce Calder 
President 
Bruce Calder, Inc. 

Robert H. Campbell 
President and Chief Executive Officer 
Sun Company, Inc. 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

William E. Carl 
President 
Carl Oil & Gas Co . 
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NATIONAL PETROLEUM COUNCIL 

R. D. Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Collis P. Chandler, Jr. 
President 
Chandler & Associates, Inc. 

Rodney F. Chase 
President and Chief Executive Officer 
BP America Inc. 

Neil D. Chrisman 
Managing Director 
Morgan Guaranty Trust Company 

of New York 

Danny H. Conklin 
Partner 
Philcon Development Co. 

Lodwrick M. Cook 
Chairman of the Board and 

Chief Executive Officer 
Atlantic Richfield Company 

Milton Copulas 
President 
National Defense Council Foundation 

Edwin L. Cox 
Chairman 
Cox Oil & Gas, Inc. 

John H. Croom 
Chairman, President and 

Chief Executive Officer 
The Columbia Gas System, Inc. 

Thomas H. Cruikshank 
Chairman of the Board and 

Chief Executive Officer 
Halliburton Company 

Keys A. Curry, Jr. 
Executive Vice President 
Destec Energy, Inc. 
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George A. Davidson, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Consolidated Natural Gas Company 

Kenneth T. Derr 
Chairman of the Board and 

Chief Executive Officer 
Chevron Corporation 

John P. DesBarres 
President and Chief Executive Officer 
Transco Energy Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural Gas Corporation 

David F. Dorn 
Co-Chairman of the Board 
Forest Oil Corporation 

James W. Emison 
President 
Western Petroleum Company 

Ronald A. Erickson 
Chairman of the Executive Committee 
Erickson Petroleum Corporation 

Fred H. Evans 
President 
Equity Oil Company 

Richard D. Farman 
Chairman and Chief Executive Officer 
Southern California Gas Company 

J.  Michael Farrell 
Partner 
Manatt, Phelps & Phillips 

William L. Fisher 
Director 
Bureau of Economic Geology 
University of Texas at Austin 

Charles R. Ford 
State Senator 
Tulsa, Oklahoma 



Joe B. Foster 
Chairman 
Newfield Exploration Company 

H. Laurance Fuller 
Chairman, President and 

Chief Executive Officer 
Amoco Corporation 

James F. Gary . International Business and Energy AdVIsor 
Honolulu, Hawaii 

James A. Gibbs 
President 
Five States Energy Company 

James J. Glasser 
Chairman and President 
GATX Corporation 

F. D. Gottwald, Jr. 
Chairman of the Board, 

Chief Executive Officer and 
Chairman of the Executive Committee 

Ethyl Corporation 

John J. Graham 
President and Chief Executive Officer 
Graham Resources Inc. 

David G .  Griffin 
Owner/President 
Griffin Petroleum Company 

David N. Griffiths 
Senior Vice President , Administration 
Citizens Gas and Coke Utility 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Robert D .  Gunn 
Chairman of the Board 
Gunn Oil Company 

Ron W. Haddock 
President and Chief Executive Officer 
FINA, Inc. 

NATIONAL PETROLEUM COUNCIL 

Michel T. Halbouty 
Chairman of the Board and 

Chief Executive Officer 
Michel T. Halbouty Energy Co . 

Andrew J. Hall 
Chairman, President and 

Chief Executive Officer 
Phibro Energy, Inc. 

John R. Hall 
Chairman and Chief Executive Officer 
Ashland Oil, Inc. 

Ronald E. Hall 
President and Chief Executive Officer 
CITGO Petroleum Corporation 

Frederic C. Hamilton 
Chairman, President and 

Chief Executive Officer 
Hamilton Oil Company, Inc. 

John P. Harbin 
Chairman of the Board, President 

and Chief Executive Officer 
Lone Star Technologies, Inc . 

Robert P. Hauptfuhrer 
Chairman and Chief Executive Officer 
Oryx Energy Company 

Raymond H. Hefner, Jr . 
Chairman and Chief Executive Officer 
Bonray Drilling Corporation 

Donald J. Heim 
Chairman and Chief Executive Officer 
Washington Gas Light Company 

Frank 0 .  Heintz 
Chairman 
Maryland Public Service Commission 

Roger R. Hemminghaus 
Chairman and Chief Executive Officer 
Diamond Shamrock, Inc. 

Dennis R. Hendrix 
Chairman, President and 

Chief Executive Officer 
Panhandle Eastern Corporation 

A-5 



NATIONAL PETROLEUM COUNCIL 

Leon Hess 
Chairman of the Board and 

Chief Executive Officer 
Amerada Hess Corporation 

C. Paul Hilliard 
President/Owner 
Badger Oil Corporation 

H. T. Hilliard 
Director 
Hallador Petroleum Company 

Robert B. Holt 
Independent Oil and Gas Producer 
Midland, Texas 

Robert E. Howson 
Chairman of the Board and 

Chief Executive Officer 
McDermott International, Inc. 

The Honorable 
Roy M. Buffington 
American Ambassador to Austria 

Ray L. Hunt 
Chairman of the Board 
Hunt Oil Company 

Joseph T. Hydok 
Executive Vice President, Gas Operations 
Consolidated .  Edison Company 

of New York, Inc . 

Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

A. Clark Johnson 
Chairman and Chief Executive Officer 
Union Texas Petroleum Corporation 

A V. Jones, Jr. 
Partner 
Jones Company, Ltd. 

Jon Rex Jones 
Partner 
Jones Company, Ltd. 
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Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

James W. Kinnear 
President and Chief Executive Officer 
Texaco Inc. 

Charles G. Koch 
Chairman and Chief Executive Officer 
Koch Industries ,  Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

Kenneth L. Lay 
Chairman and Chief Executive Officer 
Enron Corp. 

William I. Lee 
Chairman of the Board and 

Chief Executive Officer 
Triton Energy Corporation 

John H. Lichtblau 
Chairman and Chief Executive Officer 
Petroleum lndustry Research 

Foundation, Inc. 

William C. McCord 
Chairman and Chief Executive Officer 
ENSERCH Corporation 

William T. McCormick, Jr. 
Chairman and Chief Executive Officer 
CMS Energy Corporation 

Thomas F. McLarty, III 
Immediate Past Chairman of the Board and 

Chief Executive Officer 
Arkla, Inc. 

Jerry R. McLeod 
Executive Vice President 
Pacific Gas and Electric Company 

Jack W. McNutt 
President and Chief Executive Officer 
Murphy Oil Corporation 



Frank A. McPherson 
Chairman and Chief Executive Officer 
Kerr-McGee Corporation 

Cary M. Maguire 
President 
Maguire Oil Company 

Frederick R. Mayer 
President 
Petroro Corporation 

Judy Meidinger 
Director 
Koniag, Inc. 

C. John Miller 
Partner 
Miller Energy Company 

George P. Mitchell 
Chairman of the Board, President 

and Chief Executive Officer 
Mitchell Energy and Development Corp. 

James R. Moffett 
Chairman of the Board and 

Chief Executive Officer 
Freeport-McMoRan Inc . 

Donald I .  Moritz 
President and Chief Executive Officer 
Equitable Resources, Inc. 

William Moss 
Chairman of the Board 
William Moss Corporation 

William D.  Mounger 
President 
Delta Royalty Company, Inc.  

John Thomas Munro 
President 
Munro Petroleum & Terminal Corporation 

John J. Murphy 
Chairman of the Board and 
Chief Executive Officer 

Dresser Industries,  Inc . 

NATIONAL PETROLEUM COUNCIL 

Allen E. Murray 
Chairman of the Board, President 

and Chief Executive Officer 
Mobil Corporation 

Robert L. Nance 
President 
Nance Petroleum Corporation 

Constantine S. Nicandros 
President and Chief Executive Officer 
Conoco Inc. 

Raymond J. O'Connor 
Commissioner 
New York Public Service Commission 

C. R. Palmer 
Chairman of the Board, President 

and Chief Executive Officer 
Rowan Companies,  Inc .  

Robert L .  Parker 
Chairman of the Board and 

Chief Executive Officer 
Parker Drilling Company 

James L. Pate 
President and Chief Executive Officer 
Pennzoil Company 

T. Boone Pickens, Jr. 
Chairman of the Board and 

Chief Executive Officer 
MESA, Inc. 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Chesley R. Pruet 
President 
Pruet Drilling Company 

Lawrence G .  Rawl 
Chairman of the Board and 

Chief Executive Officer 
Exxon Corporation 
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Pacific Resources, Inc. 
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President and Chief Executive Officer 
Shell Oil Company 

Corbin J. Robertson, Jr. 
President 
Quintana Minerals Corporation 
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Crown Central Petroleum Corporation 

Carole Keeton Rylander 
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Rylander Consulting Group 
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Director 
Energy Program 
Center for Strategic and International Studies 
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Phillips Petroleum Company 
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Simmons Royalty Company 
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Chairman of the Board and President 
Slawson Companies 

Weldon H. Smith 
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Arlo G.  Sorensen 
President 
M. H. Whittier Corporation 
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Chief Executive Officer 
Unocal Corporation 
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Chairman, President and 

Chief Executive Officer 
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Ross 0.  Swimmer 
Of Counsel 
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Golden & Nelson, P.C. 

Patrick F. Taylor 
Chairman and Chief Executive Officer 
Taylor Energy Company 

Robert C. Thomas 
Chairman and Chief Executive Officer 
Tenneco Gas Company 

Eugene A. Tracy 
Immediate Past Chairman of the 

Executive Committee 
Peoples Energy Corporation 

H. A. True, Jr. 
Partner 
True Oil Company 

Chester R. Upham, Jr. 
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Upham Oil & Gas Company 

Edward 0. Vetter 
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Edward 0.  Vetter & Associates, Inc. 
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Ward Petroleum Corporation 
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Chairman of the Board and 

Chief Executive Officer 
The Williams Companies, Inc. 
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U.S. Department of Energy 

SECRETARY 

John H. Guy, N 
Deputy Executive Director 
National Petroleum Council 

* 

Edward L. Flom 
Manager 
Industry Analysis and Forecasts 
Amoco Corporation 

Joe B. Foster 
Chairman 
Newfield Exploration Company 

Michael ! .  German 
Senior Vice President 
Planning and Analysis 
American Gas Association 

Patricia A. Hammick 
Vice President 
Natural Gas Supply Association 

Victor W. Hughes 
Manager, Natural Gas Issues 
BP Exploration 

Mark W. Nordheim 
Coordinator, Air Quality Issues 
Health, Environment and Loss Prevention 
Chevron Corporation 
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SOURCE AND SUPPLY TASK GROUP 

A. c. Overpeck m 
Director, Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Mark G .  Papa 
Senior Vice President, Operations 
Enron Oil and Gas Company 

Allan B. Quiat 
Manager, Gas Supply 
Chevron U.S .A. Inc. 

S. Scott Sewell 
Director 
Minerals Management Service 
U.S. Department of the Interior 

R. E. Sidle 
Manager, Business Analysis 
Shell Oil Company 

William Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

L. O. Ward 
Owner-President 
Ward Petroleum Corporation 

James W. Williams 
Planning Consultant 
ARCO Exploration and 

Production Technology 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 
U.S. Department of Energy 

SPECIAL .ASSISTANTS 

Robert L. Brown 
Senior Technical Advisor 
Exxon Company, U.S.A. 

Joseph B. Corns 
Director 
Industry Analysis and 

Forecasts, North America 
Amoco Corporation 

Brad G.  Defenbaugh 
Senior Planning Advisor 
Mobil Natural Gas Inc. 

Toni D. Hennike 
Senior Counsel 
Hunt Oil Company 

Hugh E. Hilliard 
Deputy Associate Director 
Policy, Planning & Appeals 
Minerals Management Service 
U.S. Department of the Interior 
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Bill L. McFarland 
Manager 
Natural Gas Regulatory Affairs and 

Business Development 
Unocal Corporation 

Albert L. Modiano 
Deputy Director 
Minerals Management Service 
U.S. Department of the Interior 

Deborah L. Plattsmier 
Manager 
LNG Business Development 
Gas Department 
Texaco U.SA. 

John ].  Pyrdol 
Fossil Fuel Supply Analyst 
Office of Planning and Environment 
Office of Fossil Energy 
U.S. Department of Energy 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 



CONVENTIONAL SUBGROUP 

GROUP LEADER 

Terry L. Day 
Manager 

Upstream Planning and Analysis 
Exxon Company, U.S.A. 

Thomas S .  Ahlbrandt 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Joe H. Broome 
Professional Petroleum Engineer 
Texaco Inc. 

Robert L. Brown 
Senior Technical Advisor 
Exxon Company, U.S.A. 

David B. Crawford 
Senior Staff Production Engineer 
Chevron U.S .A. Inc. 

Robert J. Finley 
Associate Director 
Bureau of Economic Geology 
University of Texas at Austin 

Donald L. Gautier 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Michael !. German 
Senior Vice President 
Planning and Analysis 
American Ga8 Association 

Gary T. Holley 
Vice President 
U.S. Operations 
Parker Drilling Company 

John C. Houghton 
Planning Consultant 

* 

.ARCO Exploration and Production Technology 

Paul V. Hyde 
Director 
Reservoir Engineering 
Columbia Natural Resources, Inc. 

* * 

Paul E. Martin 
Chief 
Resource Evaluation Division 
Minerals Management Service 
U.S. Department of the . Interior 

Fred W. Nagle 
Energy Resource Consultant 
Mobil Oil Corporation 

John J. Pyrdol 
Fossil Fuel Supply Analyst 
Office of Planning and Environment 
Office of Fossil Energy 
U.S. Department of Energy 

A. T. Smith 
Section Supervisor 
Chevron Oilfield Research Company 

William Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

Robert G .  Vollmert 
Deputy Director 
Office of Business Operations 
Office of Fossil Fuel Energy 
U.S. Department of Energy 

Stanley L. Walker 
Coordinator - Production 
Exploration Land and Production 
Chevron U.S .A. Inc. 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 
U.S. Department of Energy 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 
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CONVENTIONAL SUBGROUP (Continued) 

Richard F. Mast 
Geologist 
Branch of Resource Analysis 
U.S. Geological Survey 

SPECIAL .ASSISTANTS 

Albert L. Modiano 
Deputy Director 
Minerals Management Service 
U.S. Department of the Interior 

NONCONVENTIONAL SUBGROUP 

GROUP LEADER 

Edward L. Flom 
Manager 
Industry Analysis and Forecasts 
�oco Co�oration 

Thomas S. Ahlbrandt 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Kenneth E. Baum 
Director 
Drilling Technology 
ARCO Oil and Gas Company 

Thomas J. Bergstresser 
Petroleum Geologist 
Frontier Division 
Western Exploration Business Unit 
Chevron U.S .A. Inc. 

Robert L. Brown 
Senior Technical Advisor 
Exxon Company, U.S.A. 

Robert L. Brown 
Manager 
Gas Marketing Development 
Mobil Oil Co�oration 

Charles W. Byrer 
Project Manager 
Coalbed Methane 
U.S. Department of Energy 

Joseph B .  Corns 
Director 
Industry Analysis and 

Forecasts, North America 
�oco Co�oration 
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* * 

GROUP CO-LEADER 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

* 

David B. Crawford 
Senior Staff Production Engineer 
Chevron U.S.A. Inc. 

Stephen E. Eads 
Vice President 
Planning and Marketing 
Columbia Natural Resources, Inc. 

Ian A. Fischer 
Producing Manager 
Rocky Mountain Area 
Mobil Exploration and Producing U.S. Inc. 

Cynthia W. French 
Petroleum Geologist 
Chevron U.S.A Inc. 

Michael M. Helland 
Staff Director 
Industry Supply Analysis 
�oco Co�oration 

H. William Hochheiser 
Physical Scientist 
Office of Geoscience Research 
Office of Fossil Energy 
U.S. Department of Energy 

Courtney F. Isselhardt 
Senior Exploration Geologist 
Western Exploration and Production Division 
Texaco U.S.A. 



NONCONVENTION.AL SUBGROUP (Continued) 

Mark G .  Papa 
Senior Vice President , Operations 
Enron Oil and Gas 

Raymond J. Pashuck 
Geological Consultant 
Rocky Mountain Area 
Mobil Exploration & Producing U.S. Inc. 

Kent F. Perry 
Assistant Director 
Tight Sands & Gas Processing Research 
Gas Research Institute 

Dudley D .  Rice 
Geologist 
Branch of Petroleum Geology 
U.S. Geological Survey 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 
U.S. Department of Energy 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 

SPECIAL ASSISTANTS 

Mian M. Ahmad 
Manager, Reservoir Engineering 
Columbia Natural Gas Resources, Inc. 

Brad G .  Defenbaugh 
Senior Planning Advisor 
Mobil Natural Gas Inc . 

Richard F. Mast 
Geologist 
Branch of Resource Analysis 
U.S. Geological Survey 

Brendan E. Quirin 
Senior Economist 
Amoco Corporation 

Michael A. Roberts, Jr. 
Corporate Planning Consultant 
Enron Corp. 

Charles W. Spencer 
Geologist 
Branch of Petroleum Geology 
U.S. Geological Survey 

GROUP LEADER 

IMPORTS AND .ALASKA SUBGROUP 

GROUP CO-LEADER 

A. C. Overpeck III 
Director, Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Howard Ash 
Natural Gas Specialist 
Infrastructure , Energy and 

Environmental Division 
The World Bank 

Greg Broschka 
Market Development 

* 

.Amoco Canada Petroleum Company Ltd. 

Reginald Cameron 
Economist , Business Environment 
Natural Gas Marketing 
Petro-Canada Resources 

* 

Robert B. Kalisch 
Director - Gas Supply and Statistics 
American Gas Association 

* 

Wilson W. Crook, III 
Planning Specialist 
Mobil Natural Gas Inc . 

John W. Glynn 
Director - Policy Analysis Division 
Office of Fuels Programs 
Office of Fossil Energy 
U.S. Department of Energy 

Victor W. Hughes 
Manager, Natural Gas Issues 
BP Exploration 
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IMPORTS AND ALASKA SUBGROUP (Continued) 

Joseph W. Lagler 
Metairie Site Office 
U.S. Department of Energy 

Deborah L. Plattsmier 
Manager 
LNG Business Development 
Texaco U.S.A. 

Donny R. Scott* 

Senior Energy Analyst 

L. Carl Thompson 
Manager - Supply and Transportation 
Pan National Gas Sales, Inc. 

Wllliam Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

Corporate Planning and Analysis Department 
Chevron Corporation Royal Watts 

Petroleum Engineer R. E. Sidle 
Manager, Business Analysis 
Shell Oil Company 

Walter J .  Talley 
Consultant, Corporate Budgets 
Planning and Economics 
Unocal Corporation 

*Deceased Oanuary 3, 1993) 

Charles F. Brandenburg 
Director, Enhanced Recovery 
Coal Seams and Shales 
Gas Research Institute 

Robert L. Brown 
Manager 
Gas Marketing Development 
Mobil Oil Corporation 

Thomas S .  Buxton 
Director 
Reservoir Engineering Section 
Amoco Research Center 

Joseph B .  Corns 
Director 
Industry Analysis and 

Forecasts, North America 
Amoco Corporation 
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Morgantown Energy Technical Center 
U.S. Department of Energy 

W. T. Zittlau 
Business Planning Analyst 
Amoco Canada Petroleum Company Ltd. 

TECHNOLOGY SUBGROUP 

GROUP LEADER 

James W. Williams 
Planning Consultant 

ARCO Exploration and 
Production Technology 

* * * 

John M. Dees 
Senior Well Completion Engineer 
Oryx Energy Company 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Alan S.  Emanuel 
Section Supervisor 
Chevron Oilfield Research Company 

Robert J .  Finley 
Associate Director 
Bureau of Economic Geology 
University of Texas at Austin 

Edward L. Flom 
Manager - Industry Analysis and Forecasts 
Amoco Corporation 



TECIIROLOGY SUBGROUP (Continued) 

K. H. Frohna 
Petroleum Engineer/Project Manager 
U.S. Department of Energy 

Michael I. German 

Allan B. Quiat 
Manager, Gas Supply 
Chevron U.S .A. Inc. 

Frank W. Robl 
Senior Vice President 
Planning and Analysis 

Associate Reservoir Engineering Consultant 
Mobil Exploration and 

American Gas Association 

Robert B. Kalisch 
Director 
Gas Supply and Statistics 
American Gas Association 

Christopher B. McGill 
Manager 
Gas Supply Programs 
American Gas Association 

J. Michael Melancon 
Chief, Reserve Section 
Mineral Management Service 
U.S. Department of the Interior 

A. C. Overpeck III 
Director, Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Producing Services, Inc. 

Irwin R. Supemaw 
Senior Scientist 
E&P Technology Department 
Texaco Inc. 

Leon L. Tucker 
Director 
Energy Modeling Services 
American Gas Association 

James D. Twyman 
Manager 
Borehole Technologies 
Atlantic Richfield Company 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 

ENVIRONMENTAL REGULATIONS SUBGROUP 

Raymond L. Banks 
Environmental Specialist 
Amoco Corporation 

Glynn T. Breaux 
Senior Environmental & 

GROUP LEADER 

Mark W. Nordheim 
Coordinator ,  Air Quality Issues · 

Health, Environment and Loss Prevention 
Chevron Corporation 

* * * 

Randolph C. Bruton, Jr. 
Vice President 
Regulatory Affairs 
Mitchell Energy Corporation 

Michael J. Faust 

Regulatory Engineering Advisor 
Mobil Exploration and Producing, U.S. 

Senior Exploration' Geophysicist 
Upstream Planning & Analysis 
Exxon Company, U.S.A. 
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ENVIRONMENTAL REGULATIONS SUBGROUP (Continued) 

Orval L. Fouse 
Senior Environmental Specialist 
Health, Environment and 

Loss Prevention 
Chevron Corporation 

Nancy L. Johnson 
Physical Scientist 
Office of Planning and Environment 
Office of Fossil Energy 
U.S. Department of Energy 

R. E. Sidle 
Manager 
Business Analysis 
Shell Oil Company 

Jeffrey P. Zippin 
Chief 
Branch of Environmental Operations 

and Analysis 
Minerals Management Service 
U.S. Department of the Interior 

CONTRACT DIVERSITY SUBGROUP 

E. Russell Braziel 
Vice President - Marketing 
Texaco Gas Marketing Inc. 

Toni D. Hennike 
Senior Attorney 
Hunt Oil Company 
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GROUP LEADER 
Bill L. McFarland 

Manager 
Natural Gas Regulatory Affairs and 

Business Development 
Unocal Corporation 

* * * 

Victor W. Hughes 
Manager, Natural Gas Issues 
BP Exploration 

Allan B. Quiat 
Manager, Gas Supply 
Chevron U.S .A. Inc . .  



NATIONAL PETROLEUM COUNCIL 

DEMAND .AND DISTRIBUTION TASK GROUP 
OF THE 

NPC COMMITTEE ON NATURAL GAS 

CH.AIRM.AN 

Michael G. Morris 
Executive Vice President and 

Chief Operating Officer 
Consumers Power Company 

.ASSISTANT TO THE CHAIRMAN 

Charles F. Belknap (Region S)* 
Director 
Gas Revenue Requirements and Rates 
Consumers Power Company 

* * 

GOVERNMENT COCII.AIRM.AN 

Diane W. Lique 
Director ; 

Reserves and Natural Gas Division 
Energy Information Administration 
U.S. Department of Energy 

SECRETARY 

John H. Guy, IV 
Deputy Executive Director 
National Petroleum Council 

* 

Richard L. Itteilag (Region 7) 
Director 

W. R. Finger 
President 
ProxPro , Inc. 

John A. Gartman 
Vice President 

Residential/Coriunercial Marketing and Sales 
Missouri Public Service (UtiliCorp United) 

Gas Supply and Planning 
Public Service Electric & Gas Company 

Michael !. German 
Senior Vice President 
Planning and Analysis 
American Gas Association 

Paul D. Holtberg 
Principal Economist · 
Gas Research Institute 

Joseph T. Hydok (Region 2) 
Executive Vice President Gas Operations 
Consolidated Edison Company 

of New York, Inc. 

P. Chrisman Iribe 
Senior Vice President 
U.S. Generating Company 

• Regional analysis leader. See page B-15 
for description of regions. 

Frederick E. John (Region 9) 
Senior Vice President 
Southern California Gas Company 

Justin R. King 
Vice President 
Natural Gas Marketing 
ARGO Oil and Gas Company 

James R. Lee (Region 3) 
Executive Vice President 
Columbia Gas Distribution Companies 

Charles W. Linderman 
Director 
Fossil Fuels and Renewable Programs 
Edison Electric Institute 

James V. Mahoney 
President 
New England Energy Incorporated 
New England Electric System 
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DEMAND .AND DISTBIBUTION T.ASK GROUP 

A. E. Middents (Region 8) 
Senior Vice President 
Gas Operations 
Public Service Company of Colorado 

Donald W. Niemiec 
President 
Union Pacific Fuels Inc. 

R. E. Oerman (Region 6) 
Manager, Natural Gas 
Planning & Economics 
Shell Oil Company 

Charles L. Pyle 
Acting Planning Manager 
Mobil Natural Gas Inc. 

David E. Rosenberg (Region 4) 
Specialist, Gas Economics 
Enron Corp. 

Glenn R. Schleede 
President 
Energy Market & Policy Analysis, Inc. 

J. Edward Smith 
Director 
Market Planning & Analysis 
Washington Gas Light Company 

John F. Stefani (Region 1 0) 
Vice President 
Gas Supply & Industrial Marketing 
Washington Natural Gas Company 

Thomas W. Wagar 
Director 
Industrial Marketing 
The East Ohio Gas Company 

Roger A. Young (Region 1) 
President and Chief Executive Officer 
Bay State Gas Company 

SPECIAL ASSISTANTS 

Terry W. Day 
Energy Advisor 
Downstream Planning & Analysis 
Exxon Company, U.S.A. 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Marita A. Fegley 
Senior Marketing Analyst 
Market Planning & Analysis 
Washington Gas Light Company 

Michael S. Flaherty 
Economic and Policy Analyst 
The New England Gas Association 

Fred B.  Gerber 
Consultant 
Business Development 
.ARCO Oil and Gas Company 
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Kurtis J .  Haeger 
System Planning and Forecasting Manager 
Gas Planning 
Public Service Company of Colorado 

Thomas M. Kiley 
President 
The New England Gas Association 

Walter V. Kolu 
Manager, Gas Planning 
Public Service Electric & Gas Company 

Andy S. Kydes 
Senior Modeling Analyst 
Office of Integrated Analysis and Forecasting 
Energy Information Administration 
U.S. Department of Energy 

Richard D. Langley 
Director, Demand Forecasting 
Columbia Gas ·Distribution Companies 



DEMAND .llfD DISTRIBUTION TASK GROUP 

Lad P. Lorenz 
Manager, Supply Operations 
Southern California Gas Company 

Frederick J. Nemergut 
Vice President 
Reed Consulting Group 

G.  Hayden Sherrill 
Manager, Business Development 
Union Pacific Fuels Inc. 

James M. Todaro 
Senior Analyst 
Reserves and Natural Gas Division 
Energy Information Administration 
U.S. Department of Energy 

DIVISION OF REGIONS 

States Region 

1 

2 

Connecticut, Maine , Massachusetts ,  New Hampshire , Rhode Island, and. Vermont 

New Jersey and New York 

3 

4 

5 

6 

7 

8 

9 

1 0  

Delaware, Maryland, Pennsylvania, Vrrginia, Washington, D .C. , and West Vrrginia 

Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, 
and Tennessee 

illinois, Indiana, Michigan, Minnesota, Ohio, and WISconsin 

Arkansas, Louisiana, New Mexico, Oklahoma, and Texas 

Iowa, Kansas, Missouri, and Nebraska 

Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming 

Arizona, California, and Nevada 

Idaho, Oregon, and Washington 
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N.ATION.AL PETROLEUM COUNCIL 

TRANSMISSION .IND STORAGE T.ASK GROUP 
OF TilE 

NPC COMMITTEE ON NATURAL G.AS 

CIIAIRM.I.N 

William A Smith 
Chairman and President 
Southern Natural Gas Company 

.USIST.ANT TO THE CIIAIRMAN 
Steven C. Voorhees 
Senior Vice President 
Sonat Energy Services 

Carl J. Croskey 
Vice President 
Facility Planning 
ANR Pipeline Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural Gas Corporation 

James M. Fay 
Manager 

* 

Utility Systems and ResidentiaVCommercial 
Technology Analysis 

Gas Research Institute 

Roland V. Harris 
Director, Gas Marketing 
Oryx Energy Company 

Joan E. Heinkel 
Branch Chief 
Reserves and Natural Gas Division 
Data Analysis and Forecasting Branch 
Energy Information Administration 
U.S. Department of Energy 

Richard H. Hilt 
Manager, Strategic Planning 
Electric Power Research Institute 
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* 

GOVERNMENT COCIIAIRM.Ilf 
Kevin P. Madden 
Director 
Office of Pipeline and Producer Regulations 
Federal Energy Regulatory Commission 

SECRETARY 

Benjamin A Oliver, Jr . 
Committee Coordinator 
National Petroleum Council 

* 

Theodore L. Kinne 
Vice President 
Safety, Environment and Operations 
Interstate Natural Gas Association of America 

Lad P. Lorenz 
Manager, Supply Operations 
Southern California Gas Company 

Brian E. O'Neill 
President 
Williams Natural Gas Company 

James S. Prentice 
Senior Vice President 
Group Technical Services 
Enron Gas Pipeline Group 

Robert 0. Reid 
Vice President 
Planning and Evaluation 
Colorado Interstate Gas Company 

Randall G .  Schorre 
Vice President, Engineering 
Tenneco Gas 



TRANSMISSION .AND STORAGE TASK GROUP 

William W. Slaughter 
General Manager 
Strategic Planning and Development 
Texas Eastern Transmission Corporation 

Dan J. Warden 
Manager, Transmission & Exchange 
Amoco Production Company 

Jagjit Yadav 
President 
Sabine Pipe Line Company 

Mendal L. Yoho 
Senior Vice President 
Marketing, Supply & Rates 
CNG Transmission Corporation 

SPECIAL ASSISTANTS 

Ruth A. Concannon 
Senior Coordinator 
Gas Supply and Transportation 
The Citrus Marketing Companies 

Annette Del Barrio 
Strategic Planning Analyst 
Texas Eastern Transmission Corporation 

Daniel P. Fowler 
Manager, Competitive Analysis 
Customer Services 
CNG Transmission Corporation 

Peter S. Garnbel 
Senior Business Development Analyst 
Sonat Marketing Company 

Scott J. Garner 

Stephen T. Long 
Competitive Analysis 
Strategic Planning 
Enron Corp. 

Barbara Mariner-Volpe 
Supervisor 
Operation Research Analyst 
Reserves and Natural Gas Division 
Data Analysis and Forecasting Branch 
Energy Information Administration 
U.S. Department of Energy 

W. Norris McKenzie 
Project Manager 
Sonat Energy Services. 

William E. Murrell 
Special Assistant to the Director Senior Planning Analyst 

Planning and Evaluation 
Colorado Interstate Gas Company 

Office of Pipeline and Producer Regulation 
Federal Energy Regulatory Commission 

Don J. Humphries 
Transportation & Exchange 
Amoco Production Company 

J. Richard Jones 
Staff Vice President 
Policy Analysis 
Williams Natural Gas Company 

Edmund P. Perry 
Corporate Counsel 
Sonat Services Inc. 

William E. Wickman 
Senior Design Engineer 
Tenneco Gas 

Joseph L. Yestrepsky 
Project Manager 
Facility Planning 

ANR Pipeline Company 
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N.ATION.AL PETROLEUM COUNCIL 

REGULATORY .AND POLICY ISSUES TASK GROUP 
OF TilE 

NPC COMMITTEE ON N.ATUIUlL GJlS 

CIIAIRMJlN 

Oliver G .  Richard III 
Chairman and 

Chief Executive Officer 
New Jersey Resources Corporation 

.ASSISTANT TO THE CIIAIRMJlN 

Stephen J. Harvey 
Vice President, 

Physical Risk Management 
Enron Gas Services Group 

Charles W. Bass 
Senior Vice President 
Governmental and Regulatory Affairs 
Atlanta Gas Light Company 

Karen A. Berndt 
Director 
Gas Department 
Texaco Exploration and Production Inc. 

Denise A. Bode 
President 
Independent Petroleum Association 

of .America 

Douglas R. Bohi 
Director 
Energy and Natural Resources Division 
Resources for the Future 

Nancy S .  Boyd 
Board Member 
Iowa Utilities Board 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 
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* * 

GOVERNMENT COCIIAIRM.AN 

Clifford P. Tomaszewski 
Acting Deputy Assistant Secretary 
Fuels Programs 
Office of Fossil Energy 
U.S. Department of Energy 

SECRET.ARY 

Marshall W. Nichols 
Executive Director 
National Petroleum Council 

* 

Salvatore J. Casamassima 
General Counsel 
Exxon Production Research Company 

James M. Coyne 
Manager 
Strategic Planning 
Fina Oil and Chemical Company 

Elisa J. Grammer 
Partner 
Baller Hammett 

Patricia A. Hammick 
Vice President 
Natural Gas Supply Association 

Frank 0 .  Heintz 
Chairman 
Maryland Public Service Commission 

R. Skip Horvath 
Vice President 
Rate and Policy Analysis 
Interstate Natural Gas Association 

of .America 

Glen S .  Howard 
Partner 
Sutherland, Asbill & Brennan 



REGULATORY .AND POLICY ISSUES T.ASK GROUP 

James R. Kremen Kenneth E. Randolph 
Technical Advisor to the Chairman 
Federal Energy Regulatory Commission 

Senior Vice President and General Counsel 
Natural Gas Clearinghouse 

Robert C. Krueger 
Commissioner 
Railroad Commission of Texas 

Robert C. McHugh 
Vice Chairman 
KN �nergy, Inc. 

Kay C. Medlin 

William R. Shane 
Indiana, Pennsylvania 

Clark C. Smith 
President 
Coastal Gas Marketing Company 

Vice President and General Counsel 
Arkla Energy Marketing Company 

William H. Smith, Jr . 
Chief 
Bureau of Rate and Safety Evaluation 
Iowa Utilities Board 

Thomas J. Norris 
Vice President 
Rate and Regulatory Affairs 
Tenneco Gas 

Michael J. Armiak 
Assistant Vice President 
State Regulatory Relations 
ANR Pipeline Company 

L. Roy Kavanaugh 
Director 
Market Development 
Tenneco Gas 

Thomas J. Vessels 
President 
Vessels Oil & Gas Company 

SPECIAL .ASSISTANTS 

Hugh D. Roberts 
Regulatory Affairs Coordinator 
Natural Gas Divison 
Marathon Oil Company 

Sherrie N. Rutherford 
Assistant General Counsel 
Enron Interstate Pipeline Company 

Linda Silverman 
International Energy Analyst 
U.S. Department of Energy 
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.ACRONYMS REVIATIONS 

ACE adjusted cmrent earnings CERCLA Comprehensive Environmental 

AFUE Average Fuel Utilization 
Response, Compensation 

Efficiency and Liability Act of 1 980 

AGA American Gas Association CERI Canadian Energy Research 
Institute 

AGCC American Gas Cooling Center 

AGS Alberta Geological Society 
CFC chlorofluorocarbons 

AMT Alternative Minimum Tax 
CLEV California Low Emission 

Vehicle Regulations 

ANGTS Alaskan Natural Gas 
CNG compressed natural gas 

'Iransportation System 

ANWR Arctic National Wildlife Refuge 
CNR Columbia Natural Resources 

API American Petroleum Institute C02 carbon dioxide 

ATEPD Alternative Tax Energy COPAS Council of Petroleum 
Preference Deductions Accounting Societies 

BCF billion cubic feet CWA Clean Water Act of 1 977  

BCF/D billion cubic feet per day 

BCM billion cubic meters D&C drilling and completion (costs) 

BID barrels per day DCF Discounted Cash F1ow 

BLM Bureau of Land Management · DFI Decision Focus Inc. 

BOE barrels of oil equivalent DOE U.S. Department of Energy 
BTU British thermal units 

DOl U.S. Department of the Interior 

CAA Clean Air Act of 1 967 DRI Data Resources Incorporated 

CAAA Clean Air Act Amendments of 1 990 DSM Demand Side Management 

AC-1 



E&P exploration and production IDC Intangible Drilling Costs 
(costs) lEA International Energy Agency 

EEA Energy and Environmental 
IGTCC Industrial Gas Technology 

Analysis, Incorporated 
Commercialization Center 

EEl Edison Electric Institute 
INGAA Interstate Natural Gas 

EIA Energy Information Association of America 
Administration 

IOGCC Interstate Oil and Gas 
EMF Electric and Magnetic Field Compact Commission 

EOR enhanced oil recovery IPAA Independent Petroleum 

EPA Environmental Protection Association of America 

Agency IPP independent power producer 
EPACT Energy Policy Act of 1 992 IRP integrated resource planning 
EPRI Electric Power Research 

Institute 
JAS Joint Association Survey 

ERCB Alberta Energy Resources 
Conservation Board 

ICW kilowatts 
ERM Enhanced Recovery Module 

KWH kilowatt hours of the Hydrocarbon Model 

EUR estimated ultimate recovery 
LAER lowest achievable emission 

FERC Federal Energy Regulatory 
rate (controls) 

Commission LCP least cost planning 

FPC Federal Power Commission LDC local distribution company 

FRB Federal Reserves Boards' Index LNG liquefied natural gas 

Index of 'Ibtal Industrial Production LPG liquefied petroleum gas 

G&G geological and geophysical MAFLA Mississippi, Alabama, Florida 
(expenditures) onshore 

GAT!' General Agreement on 'Tariffs MCF thousand cubic feet 
and 'Itade 

thousand cubic feet per day MCF/D 
GEMS Generalized Equilbrium 

MECS Manufacturing Energy Modeling System 
Consumption Survey 

GRI Gas Research Institute 
MMBTU million British thermal units 

HDD heating degree days MMCF million cubic feet 

HSM Hydrocarbon Supply Model 
MMCF/D million cubic feet per day 

Minerals Management MMS 
HVAC Heating, Ventilating, and Air Service, Department of 

Conditioning Interior 
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MOPPS Market Oriented Program NMS National Marine Sanctuary 

(I &II) Planning Study Program 

MPRSA Marine Protection, Research NORM naturally occurring 

and Sanctuaries Act, 1 972 radioactive material 

MW megawatts NOx nitrogen oxides 

MWH megawatt hours NPC National Petroleum Council 

NPDES National Pollutant Discharge 

NAAQS National Ambient Air Quality Elimination System 

Standards NRRI National Regulatory Research 

NAECA National Appliance Energy 
Institute 

Conservation Act NUG non-utility generator 

NAFTA North American Free 'Ii'ade NY GAS New York State Gas Association 

Agreement 

NARG North American Regional Gas 
O&M operating and maintenance 

Model 
(expenses) 

ocs Outer Continental Shelf 
NARUC National Association of 

Regulatory Utility OGIFF Oil and Gas Integrated Field 

Commissioners 
File 

OPA Oil Pollution Act of 1 990 
NEB National Energy Board of 

Canada OPEC Organization of Petroleum 
Exporting Countries 

NEPA National Environmental Policy 

Act of 1 969 
PEMEX Petroleos Mexicanos, national 

NEPOOL New England Power Pool oil company of Mexico 

NERC North American Electric PGC Potential Gas Committee of 

Reliability Council the Colorado School of Mines 

NES National Energy Strategy 
PIFUA Powerplant and Industrial Fuel 

Use Act of 1 978 

NGA Natural Gas Act of 1 938 ·PMA Federal Power Marketing 

NGL natural gas liquids Agencies 

NGPA Natural Gas Policy Act of 1 978 
PSC Public Sennce Commis&on 

PUC Public Utility Commis&on 
NGSA Natural Gas Supply Association 

PUCHA Public Utilities Holding 

NGV Natural Gas Vehicle Company Act 

NGVC Natural Gas Vehicle Coalition 
QBTU quadrillion British thermal units 

NGWDA Natural Gas Wellhead 

Decontrol Act of 1 989 
RACC Refiners Acquisition Cost of 

NIMBY Not In My Back Yard Crude Oil 
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RCRA Resource Conservation and S02 sulfur dioxide 
Recovery Act of 1 976 

SOx sulfur oxides 
R&D research and development 

SPP small power producer 
RD&D research, development, and 

demonstration 

RECS Residential Energy 
TAGS 'lrans-Alaska Gas System 

Consumption Survey TAPS 'Itans-Alaska Pipeline System 

ROR rate of return TBTU trillion British thermal units 

TCF trillion cubic feet 

SARA Superfund Amendments and TRC Thxas Railroad Commission 
Reauthorization Act of 1 986 TSCA 'Ibxic Substance Control Act 

SCF standard cubic feet of l 976 

SDWA Safe Drinking Water Act of 1984 

SEC Securities and Exchange 
UDI Utility Data Institute 

Commission me Underground Injection 

SEDS State Energy Data System 
Control program 

SFV straight fixed variable 
USGS United States Geological Survey 

SIC Standard Industrial voc volatile organic compounds Classification 

SIP State Implementation Plan 

SMP special marketing program 
WCSB Western Canada Sedimentary 

Basin 
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.l.uNDONMElf'l' 

When an interstate pipeline closes facili
ties, stops transporting gas in interstate 
commerce, or stops sales of gas for resale 
with permission of the Federal Energy 
Regulatory Commission. 

.ILisa NATUUL GAS Transportation 
(.ANGTS) 

A proposed pipeline to transport gas from 
Prudhoe Bay, Alaska , to  the lower-48 
states. Portions of the line were "prebuilt" 
prior to the flow of Alaskan gas, with the 
rest of the system awaiting sponsors and 
economically viable gas prices. 

.ILLowDLE 

The maximum amount of gas a specific 
field, lease, or well is permitted to produce. 

JlLTEBNA'l'IVE MINIMuM TAX (.IMT) 

Under the Tax Reform Act of 1 986 the 
minimum tax was reformulated as the 
AMT and expanded to the point where it 
became the de facto corporate income 
tax for many capital-intensive frrms. The 
AMT is imposed at 20 percent rate (24 
percent non-corporate) on a broader in
come than that used for regular income 
tax, and the taxpayer pays the higher of 
the two taxes. 

.I.MEIUCJIN GJIS .lssocJATJON (.I.G.I.) 

The gas utility industry trade association. 

.ANTIUM SBALE 

The Antrim shale is a formation of primarily 
Devonian age located in the Michigan Basin. 

AssoCIATED DISSOLVED GJIS 

The combined volume of natural gas that 
occurs in crude oil reservoirs either as 
free gas (associated) or as gas in solution 
with crude oil (dissolved) .  

BACK III.UL 
A contractual form of natural gas trans
portation service, where natural gas is de
livered to the shipper at a point on the 
pipeline system which is upstream of the 
point where gas is received into the sys
tem. Contractually, the natural gas is 
transported against the direction of natural 
gas flowing in the pipeline system. In 
most cases this type of service can be 
provided without the need to construct 
new facilities, and in operation may actu
ally reduce the variable costs (fuel) in
curred by the pipeline to provide trans
portation service. It also has the effect of 
increasing the effective capacity of the 
pipeline system. 

BASE Gu 

(See Cushion Gas.) 

BASE Lo.ID GENEIUI.TING 1JNIT 

Those generating units at electric utili
ties that are normally operated to meet 
electricity demand on a round-the-clock 
basis. 
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BASE RATE 

That portion of the total electric rate which 
covers the general costs of doing business 
unrelated to fuel expenses. 

BCF 

Billion Cubic Feet . A volumetric unit of 
measurement for natural gas. 

BLillUET CERTU1C.IlTE (.A.UTBO:RITY) 

Permission granted by the Federal Energy 
Regulatory Commission (PERC) for a cer
tificate holder to engage in an activity 
(such as transportation service or sales) 
on a self-implementing or prior-notice ba
sis, as appropriate, without case-by-case 
approval from the PERC. 

BIUTISJI TIIERMAL UNIT (BTU) 
A standard unit for measuring the quan
tity of heat required to raise the tempera
ture of 1 pound of water by 1 degree 
Fahrenheit at or near 3 9 . 2  degrees 
Fahrenheit . 

CAPACITY BROKEJUNG 

A process where an existing natural gas 
shipper sells or leases its contractual ca
pacity rights to transport natural gas on a 
pipeline to someone else. 

CERTU1C.IlTED CAPJLCITY 

The maximum volume of gas that may be 
stored in an underground storage facility 
certificated by the Federal Energy Regula
tory Commission or its predecessor, the 
Federal Power Commission. Absent a 
certificate, a reservoir's present devel
oped operating capacity is considered to 
be its "certified" capacity: 

CERTU1CATES OF PuBLIC CONVENIEl'fCE DD 
NECESSITY 
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Certificates required under the Natural 
G as Act and issue d by the Federal 
Power Commission/Federal Energy Reg
ulatory Commission prior to construc
tion or exp ansion of  an interst ate 
pipeline; after the pipeline showed the 
existence of market demand and atten
dant gas supply. 

CIIIUSTMAS TltEE 
The valves and fittings installed at the top 
of a gas well to control and direct the flow 
of well liquids. 

· 
CITYG.I.TE 

A point or measuring station at which a 
gas distribution company receives gas 
from a pipeline company or transmission 
system. 

CrrrG.I.TE SJU.Es SElmCE 

· Interstate pipeline natural gas sales ser
vice where the title to gas sold changes at 
the pipeline's interconnection with the 
purchasing local distribution company. 

COJIL GASD'ICATION 

The process of placing coal steam and 
oxygen under pressure to produce gas. 

COFIItiNG (REBURNJNG) 

The process of burning natural gas in con
junction with another fuel to reduce air 
pollutants and/or take advantage of lowest 
available fuel prices. 

COGENER.I.TION 

The sequential production of electricity 
and another form of useful thermal energy 
such as heat or steam and used for indus
trial, commercial heating or cooling pur
poses. There are basically three types; 
boiler steam turbine, combustion turbine 
with waste heat recovery steam generator, 
and combined cycle. 

CoKE OvEN G.AS 

The gaseous portion of volatile substance 
driven off in the coking process after other 
coal chemicals are removed. 

COMBINED CYCLE 
An electric generating technology in 
which electricity is produced from other
wise lost waste heat exiting from one or 
more gas (combustion) turbines. The ex
iting heat is routed to a conventional boiler 
or to a heat recovery steam generator for 
utilization by a steam turbine in the pro
duction of electricity. This process in
creases the efficiency of the electric gen
erating unit. 



CoMMERCUL CoRS1JMII'l'IOR 

Gas consumed by nonmanufacturing es
tablishments or agencies primarily en
gaged in the sale of goods or services. 
Included are such establishments as ho
tels, restaurants ,  wholesale and retail 
stores, and other service enterprises; gas 
consumed by establishments engaged in 
agriculture, forestry, and fishers; and gas 
consumed by local ,  state ,  and federal 
agencies engaged in nonmanufacturing 
activities. 

Colt VEN'l'IORJIL REsoURCES 
Resources included in this category are 
crude oil, natural gas, and natural gas liq
uids that exist in reservoirs in a fluid state 
amenable to extraction employed in tradi
tional development practices. They occur 
as discrete accumulations. They do nc:>t in
clude resources occurring within ex
tremely viscous and intractable heavy oil 
deposits, tar deposits, oil shales, coalbed 
gas ,  gas in geopressured shales and 
brines, or gas hydrates. Gas from low
permeability "tight" sandstone and frac
tured shale reservoirs having in situ per
meability to gas of less than 0. 1 millidarcy 
are not included as conventional re
sources. 

Cos"l"'F-8EilVICE RATES 
A method of rate making used by utilities 
under which the original cost of facilities 
are depreciated for an expected life, and 
the annual costs and the operating and 
maintenance costs are allocated to each 
service offered according to a test year 
and projected volumes. 

CROSS SUBSIDIES 

Subsidies among customers or customer 
classes so that one group carries a dis
proportionate share of the costs of provid
ing service. 

CURTJIILMEN'l'S 
The rationing of natural gas supplies to an 
end user when gas is in short supply, or 
when demand for service exceeds a 
pipeline's capacity, usually to an industrial 
user and/or power generator. 

CUsmoR G.IS 

The volume of gas, including native gas, 
that must remain in the storage field to 
maintain adequate reservoir pressure and 
deliverability rates throughout the with
drawal season. 

CYCLIRG 
The process of injecting or withdrawing a 
percentage or all of a reservoir's working 
gas capacity during a particular season. 

CYCLIRG 'URrr (IRTEDD:Dill'l'E URIT) 

Units that operate with rapid load 
changes, frequent starts and stops, but 
generally at somewhat lower efficiencies 
and higher operating costs than base load 
plants. These units are generally either 
former base load units regulated to cy
cling units, or newly built units of a lower 
megawatt rating which require less capital 
investment per unit of output than required 
for base load units. 

DECI.TIIEllM 
'len therms, or 1 ,000,000 BTU. 

DEEP G.u DEPOSl'l'S 
Deposits of gas below 1 5 ,000 feet, where 
the porosity and permeability are reduced 
by the deeply buried sediments. 

DELIVEIWIILI'l'Y 
The rate at which gas can be withdrawn 
from an underground reservoir. Actual 
rates depend on rock characteristics, 
reservoir pressure, and facilities such as 
wells, pipelines, and compressors. 

DELIVERED 
The physical transfer of natural, synthetic, 
and/or supplemental gas from facilities 
operated by the responding company to 
facilities operated by others or to con
sumers. 

DEMD'D CIIJlllGE 

A charge levied in a contract between a 
pipeline and local distribution company, 
electric generator, or industrial user for 
firm gas pipeline transportation service. 
The demand charge must be paid 
whether or not gas is used up to the vol
ume covered by the charge. · 
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DEMDD SIDE MJuuGEMENT 

Programs designed to encourage cus
tomers to use less natural gas or other 
fuels or less electricity and to use it more 
efficiently (i.e. , conservation) or to reduce 
peak demand (i.e. , load management) . 

DESIGN DAY CDllciTY 
The volume of natural gas that a pipeline 
facility is designed to transport during one 
day; given the assumptions used in the de
sign process, such as pressures, pipeline 
efficiency; and peak hourly rates. 

DESIGN DAY DELivEiwiiLI'l'Y' 
The rate of delivery at which a storage fa
cility is designed to be used when storage 
volumes are at their maximum levels. 

DEVELOPED OPEIUI.TING C.IPllCITY 

That portion of operating capacity which 
is currently available for storage use. 

DEVONUN SHALE 

Arrf body of shale (a fine .. grained, detrital, 
sedimentary rock with a finely laminated 
structure) formed from the compaction of 
clays and/or silts and/or middays that 
were deposited during the Devonian pe
riod of the Paleozoic era, from approxi
mately 400 million to approximately 345 
million yecus before the present. 

DISPLilCEMENT 

A method of natural gas transportation/de
livery that is similar to a back haul (see 
above). In a displacement service, natural 
gas is received by a pipeline at one point 
and delivers equivalent volumes at an
other point, without necessarily transport
ing the natural gas in a line between the 
two points. Displacement service may 
contain elements of forward haul, back 
haul, and displacement to effect delivery. 

Dll'l' NA"l'UlUUL G.u PRoDUCTION 

Marketed production less extraction loss. 

ELECTRIC GENEIUl'l'OBS 

Establishments that generate electricity. 
These include traditional electric utilities; 
independent power producers; and com
mercial and industrial establishments that 
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generate electricity for their own use, of
ten using cogeneration facilities, and 
which may sell some of the electricity to 
an electric utility for resale. In the NPC re
port, commercial and industrial genera
tors of electricity are included in the com
mercial and industrial sectors and all other 
generators are �ealt with under .. electric 
generation ... 

ELECTRIC 'UTILrm:s 
Establishments primarily engaged in the 
generation, transmission, and/or distribu
tion of electricity for sale or resale. 

ELECTRIC 'UTILITI' CoNSUMPTION 

Gas used as fuel in electric utility plants. 

Elm-USE SECTOR MODELS 

Energy and Environmental Analysis, Inc. 's 
process-engineering models used in the 
NPC Gas Study and include the Residen
tial, Commercial, Industrial, and Electric 
Utility Demand Models. 

Elm USER 

Anyone who purchases and consumes 
natural gas. 

ENERGY OvE1mEw MODEL 

Energy and Environmental Analysis, Inc�s 
forecasting model, which simulates the 
natural gas supply/demand b alance 
through_ the use of 3 sets of model compo
nents (End-Use Sector Models ,  the 
Pipeline Model, and the Hydrocarbon 
Supply Model) and used in the NPC Gas 
Study. 

ExcJIJlNGE 

A method of natural gas transportation/de
livery among two (or more) p arties .  
Where one party has a natural gas supply 
at one point, convenient to one pipeline 
system, and another party has gas at an
other point, convenient to another pipeline 
system, a swap is arranged.  The two 
pipelines do not necessarily have to inter
connect. Essential to the concept is that 
both parties receive mutual benefits. Ex
change agreements usually contain some 
form of balancing mechanism requiring 
either the delivery of natural gas, in kind, 
or payment. 



EXPoRTS 
Natural gas deliveries from the continental 
United States and Alaska to foreign coun
tries. 

ErrEllNALITY 
A side effect that can create benefits or 
costs in a transaction and which fall upon 
those not directly involved in, or who are 
external to, the transaction. 

Elmu.cTION Loss 
The reduction in volume of natural gas 
due to the removal of natural gas liquid 
constituents such as ethane , propane , 
and butane at natural gas processing 
plants. 

FEDEB.AL POWER COMMISSION (FPC) 
The predecessor agency of the FERC, 
which was created by Congress in 1 920 
and was charged with regulating the in
terstate electric power and natural gas 
industries. 

FEDEIUlL ENERGY REGULATORY COMMISSION 
(FERC) 

A quasi-independent regulatory agency 
within the Department of Energy having 
jurisdiction over interstate electricity 
sales, wholesale electric rates, hydroelec
tric licensing, natural gas pricing, oil 
pipeline rates, and gas pipeline certifica
tion. Five members are appointed by the 
President of the United States and, upon 
confirmation by the Senate, serve fixed 
terms. This independent agency is ad
ministered by the Chairman of the five
person commission. No more than three 
of the five members may belong to the 
President's political party. 

FERC ORDER 436 

An order issued October 9, 1 985 , by the 
FERC, which created a voluntary blanket 
certificate transportation program. Under 
this program, participating pipelines were 
authorized to provide firm and interrupt
ible transportation to any willing shipper 
without prior_ case-specific FERC approval. 
Pipelines providing this service are re
quired to serve on a non-discriminatory 
basis any shipper willing to meet the 

terms and conditions of the pipeline's tariff. 
Participating pipelines were also subject to 
a requirement that they allow existing firm 
sales customers to convert their sales ser
vice to firm transportation service. 

FERC ORDER 451 

Order 45 1 was issued in 1 986 and elimi
nated old gas "vintaging" pricing, which 
was based on the date of first production 
of the gas reserves. The Order estab
lished a new ceiling price for all vintages 
of old gas , which a pipeline purchaser 
could purchase or release under a proce
dure called "good faith negotiations: · 

FERC ORDER 500 

In Associated Gas Distributors vs. FERC, 
Order 436 was remanded back to FERC. 
In response, FERC issued Order 500 in 
August 1 987 , which restated Order 436 
with two major changes: elimination of the 
customer contract demand reduction op
tion, and creation of a take-or-pay credit
ing mechanism. This mechanism was de
signed to affect take-or-pay obligations of 
interstate pipelines caused by Order 436 
transportation. 

FERC ORDER 490 

Order 490 was issued in 1 988 and estab
lished an expedited abandonment proce
dure for gas under expired or terminated 
contracts. 

FERC ORDER 636 (SEE ALSO UNBUNDLING) 

An order issued April 8 ,  1 99 2 ,  by the 
FERC, requiring open-access interstate 
pipeline companies to unbundle their 
transportation delivery services from their 
natural gas sales services. Order 636 also 
required other changes designed to en
hance the access to gas supplies, no mat
ter who owned or sold them, on an equal 
basis. 

FIELD 
A single pool or multiple pools of hydro
carbons grouped on, or related to, a sin
gle structural or stratigraphic feature. 

FINDING RllTE 

Some measure of  " added proved re
serves" divided by some measure of ei
ther time or the physical or investment 
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effort  expended t o  generate them . 
There are many different specific formu
lations in use. 

FIRM GAS 

Gas sold on a continuous and generally 
long-term contract. 

I'IRM SEimcE 

Service offered to customers (regardless 
of class of service) under schedules or 
contracts that anticipate no interruptions. 
The period of service may be for only a 
specified part of the year as in off-peak 
service. Certain firm service contracts 
may contain clauses that permit unex
pected interruption in case the supply to 
residential customers is threatened during 
an emergency. 

FLIBED 

Natural gas burned in flares at the base 
site or a gas-processing plants. 

FlulcTmuNG 

Improvement of the flow continuity be
tween gas-bearing reservoir rock and the 
wellbore by erecting fractures which ex
tend the distances into the reservoir. 

FuEL CELLs 
A fuel cell, configured like a battery, com
bines natural gas and oxygen in an elec
trochemical reaction that produces elec
tricity. heat, and water (often in the form of 
steam). 

GAS B11BBLE 

Surplus gas deliverability at the wellhead. 

GAS CoNDENSATE WELL 

A gas well producing from a gas reservoir 
containing considerable quantities of liq
uid hydrocarbons in the pentane and 
heavier range, generally described as 
"condensate:• 

GAS WELL 

A gas well completed for the production 
of natural gas from one or more gas zones 
or reservoirs. 
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G.&'l'BEIUNG SYSTEM 
Facilities constructed and operated to re
ceive natural gas from the wellhead and 
transport, process, compress, and deliver 
that gas to a pipeline, LDC, or end user. 
The construction and operation of gather
ing systems is not a federally regulated 
business, and in some states is not regu
lated by the state. 

GENEIULTING UNIT 
Aey combination of physically connected 
generator(s) , reactor(s) , boiler(s) , com
bustion turbine (s) , or other prime 
mover(s) operated together to produce 
electric power. 

GENEIUL'l'ION (ELEC'l'IUCITI') 
The process of producing electric energy 
by transforming other forms of energy; 
also, the amount of electric energy pro
duced, expressed in watthours (WH). 

GENEIULTOR 

A machine that converts mechanical en
ergy into electrical energy. 

GENEIUlTOR N.I.MEPLllTE CAP.I.CI'l'l' 

The full-load continuous rating of a gener
ator, prime mover, or other electric power 
production equipment under specific con
ditions as designated by the manufacturer. 
Installed generator nameplate rating is 
usually indicated on a nameplate physi
cally attached to the generator. 

. GREENFIELD 

A "new" site for the construction of an 
electric generation plant; in other words, a 
location that did not previously have a 
generation unit. 

GREE:NBOVSE EFFECT 
The increasing mean global surface tem
perature of the earth caused by gases in 
the atmosphere (including carbon diox
ide, methane, nitrous oxide, ozone, and 
chlorofluorocarbon). The greenhouse ef
fect allows solar radiation to penetrate but 
absorbs the infrared radiation returning to 
space. 



GBID-TYPE S"'S'l'EM 
This term describes a natural gas pipeline . 
company that operates facilities which 
physically interconnect at numerous points 
within its service area. Typically such a 
system receives gas from a variety of 
sources from both ends of its system and 
is characterized by gas flows which are 
difficult to trace in a linear fashion. 

GROSS 'WmmiUlWALS 

Full well-stream volume, including all nat
ural gas plant liquids and all nonhydro
carbons gases, but excluding lease con
densate. 

BE&miG VALVE 

BUB 

The average number of British thermal 
units per cubic foot of natural gas as de
termined from tests of fuel samples. 

A hub is a location where gas sellers and 
gas purchasers can arrange transactions. 
The location of the hub can be anywhere 
multiple supplies , pipelines ,  or pur
chasers interconnect . "Market centers" 
are hubs located near central market ar
eas. "Pooling points" are hubs located 
near center supply production areas . 
Physical hubs are found at processing 
plants, offshore platforms, pipeline inter
connects, and storage fields. "Paper" 
hubs may be located anywhere parties 
arrange title transfers (changes in owner
ship) of natural gas. 

Bm:a&'l'ES 
Gas hydrates are physical combinations of 
gas and water in which the gas molecules 
fit into a crystalline structure similar to that 
of ice. Gas hydrates are considered a 
speculative source of gas. 

BmROCD.BOR SUPPiil' MoDEL 

Energy and Environmental Analysis, Inc.'s 
model of the U.S. and Canada's potential 
recoverable resource base. This model 
seeks to show the impact of technological 
advancements and exploratory and devel
opment drilling activity and was used in 
the NPC Gas Study. 

IMPoa'l'l 
Gas receipts into the United States from a 
foreign colllltry. 

llf-PLacE G.as REsoUllCE 
The total in-place gas is the sununation of 
gas already produced, the technically re
coverable resource, and the remaining in
place resource. 

llfCDI'tiVE RI:GVL&'l'IOR 
An alternative to, or modification of, cost 
of service regulation, which is used in 
markets that lack sufficient competition 
(examples include price caps, zone of 
reasonableness, bounded rates, sharing 
of efficiency gains, and incentive rates of 
return) . 

llfDEPERDEln' PowEll PJioDVCEBS (IPPs) 
Wholesale electricity producers that are 
llllaffiliated with franchised utilities in their 
area. IPPs do not possess tranSmission fa
cilities and do not sell power in anY retail 
service territory. 

llfDVSTIWlL Co1U1JMP'l'IOR 

Natural gas consumed by manufacturing 
and mining establishments for heat , 
power, and chemical feedstock. 

llfDVSTBJAL Co:NSUMEBS 

Establishments engaged in a process that 
creates or changes raw or unfinished ma
terials into another form or product. Gen
eration of electricity; other than by electric 
utilities is included. 

llftEG:a&TED REsoUllCE PLD (IRP) 
A plan or process used by utilities to eval
uate both supply-side and demand-side 
measures when seeking to prepare for 
meeting future energy needs and to do so 
at lowest total costs. C'Least cost" or ''best 
cost" planning is sometimes used synony
mously with integrated resource plan
ning.) 

lrfTEBMEDillTE.Lom {ELEC'l'IUC SYsTEM) 

The range from base load to a point be
tween base load and peak. This point 
may be the midpoint , a percent of the 
peak load, or the load over a specified 
time period. 
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lln'ElulUPTIBLE Gu 

Gas sold to customers with a provision 
that permits curtailment or cessation of 
service at the discretion of the distributing 
company or pipeline under certain cir
cumstances, as specified in the service 
contract. 

lln'ElulUPTIBLE SEimCE 

A sales volume or pipeline capacity made 
available to a customer without a guaran
tee for delivery. "Service on an interrupt
ible basis" means that the capacity used to 
provide the service is subject to a prior 
claim by another custome-r or another 
class of service (1 8 CFR 284.9(a)(3)) . Gas 
utilities may curtail service to their cus
tomers who have interruptible service 
contracts to adjust to seasonal shortfalls in 
supply or transmission plant capacity 
without incurring a liability. 

IMTEBsT.I.TE PIPELmE COMPARY 

A company subject to regulation by the 
Federal Energy Regulatory Commission 
pursuant to the Natural Gas Act of 1 938 
because of its construction and/or opera
tion of natural gas pipeline facilities in in
terstate commerce. 

IMTEBsT.I.TE R.I.'IIJUL GJIS JlssoCIUIOR OF 
AMEluCJl (IRG.U.) 

Trade group that represents interstate 
pipeline companies. 

IJmulsT.D'E PIPELDfE CoMPARY 

A company that operates natural gas 
pipeline facilities which do no cross a 
state border. 

Ku.ow.I.T'l' 
One thousand watts. (See Watt.) 

LlulGE DIAMETEil PIPE 
High pressure natural gas pipeline is con
structed, typically, of steel, in different 
sizes from one inch , outside diameter 
(O.D.) to 42 inches. Typically "large diam
eter pipe" is larger than 20 inches, O.D. 

LosE .IIQ) PLin FuEL 
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Natural gas used in well, field, and lease 
operations, (such as gas used in drilling 
operations, heaters, dehydrators, and field · 

compressors) , and as fuel in natural gas 
processing plants. 

LIGJI'l'olblmED RI:G'ULI.TIOR 

Regulation characterized by reliance on 
market forces where they are available to 
help ensure fair access and stable prices. 
Generally, under such a scheme, compa
nies are given significant discretion to en
ter and leave a particular service, and 
over what rate it charges. While such ac
tivities are not "deregulated" in the nor
mal sense of the phrase ,  regulatory 
scrutiny is usually generic and compli
ance oriented, rather than intrusive. 

LIRE PAcK 
The volume of natural gas contained, in a 
point of time, within the pipeline. Also, a 
technique to fill a pipeline to its maximum 
capacity in anticipation of high demands, 
or hourly fluctuations in demand. 

LIQVEnED R.I.'IIJUL Gu (LNG) 

Natural gas that has been reduced to a liq
uid stage by cooling to -260 degrees 
Fahrenheit and thus sustains a volume re
duction of approximately 600 to 1 .  

Lam {ELECTIUC) 
The amOl.mt of electric power delivered or 
required at any specific point or points on 
a system. The requirement originates at 
the energy-consuming equipment of the 
consumers. 

LocaL Dls'rluBUTIOR CoMPDY (LDC) 

A company that distributes natural gas at 
retail to individual residential, commer
cial, and industrial consumers. LDCs are 
typically granted an exclusive franchise 
to serve a geographic area by state or lo
cal governments,  subject to some re
quirement to provide universal service. 
Rates and terms and conditions of ser
vice are typically (but not always) subject 
to regulation. 

LooPIRG 

A method of expanding the capacity of an 
existing pipeline system by laying new 
pipeline adjacent to an existing pipeline 
and connected to the existing system at 
both ends. 



Low PERMEABILITY 
Gas that occurs in formations with a per
meability of less than 0 . 1  millidarcy. 

MANuFACTURED GAS 

A gas obtained by destructive distillation 
of coal, or by the thermal decomposition 
of oil, or by the reaction of steam passing 
through a bed of heated coal or coke. Ex
amples are coal gases, coke oven gases, 
producer gas, blast furnace gas, blue (wa
ter) gas, carbureted water gas. BTU con
tent varies widely. 

MaRKET CENTER 

A place, located near natural gas market 
areas ,  where many gas sellers and gas 
buyers may arrange to buy/sell natural 
gas. See "Hub:' 

MDKETED PRODUCTION 

Gross withdrawals less gas consumed for 
repressuring, quantities vented and flared, 
and nonhydrocarbon gases removed in 
treating or processing operations. 

MCF/D 

"Thousand cubic feet of natural gas per 
day." A volume unit of measurement for 
natural gas. 

MEGAWATT 

One million watts of electric capacity. 
(See Watt.) 

MINIMuM BILL 

A distributor's obligation to take or pay for 
the gas volumes specified in its firm ser
vice agreements with the pipeline. 

MMBTU 
"Million British Thermal Units: · A unit of 
measurement of the heating content , as 
measured in BTU, of natural gas. 

MMCF/D 

"Million cubic feet of natural gas per 
day." A volume unit of measurement for 
natural gas. 

NATIONAL ENERGY BOJlRD 

The agency of the Canadian federal 
government which regulates interna
tional and inter-provincial and natural 
gas trade with(in) Canada. The "NEB" 

is the C anadian c o unterpart  to the 
FERC, and like FERC also regulates 
electricity. 

NATIVE GAS 

The gas remaining in a reservoir at the 
end of a reservoir's producing life. After a · reservoir is converted to storage, remain
ing gas becomes part of the cushion gas 
volume. 

NATUil.llL G.u 

A gaseous hydrocarbon fuel. Primarily 
made up of the chemical compound 
methane, or CH4 . Natural gas is found in 
underground reservoirs, often in combi
nation with oil ,  and other hydrocarbon 
compounds. 

NATUil.llL G.u, WET AFrER LEASE SEPARATION 

The volume of natural gas remaining after 
removal of lease condensate in lease 
and/or field separation facilities,  if any. 
and after exclusion of nonhydrocarbon 
gases where they occur in sufficient 
quantity to render the gas unmarketable. 
Natural gas liquids may be recovered 
from volume of natural gas ,  wet after 
lease separation, at natural gas process
ing plants. 

NATUil.llL G.IS Acr OF 1 938 

Act passed by Congress which regulates 
the transportation and sale of natural gas 
in interstate commerce. This statute is ad
ministered by the FERC. 

N.ATUil.llL G.IS COUNCIL 

Formed in 1 992  through the four major 
U.S. gas industry trade groups to pro
mote awareness of the potential of natu
ral gas and to develop a unified gas in
dustry. 

N.ATUil.llL G.IS PoLICY AcT OF 1 978 

An act of Congress which effected the 
phased decontrol of certain categories of 
natural gas wellhead prices. 

NATUil.llL GAS SUPPLY .AssOCIATION 

Trade group that represents natural gas 
producers, whether integrated or small. 
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Nll'l'DIUIL G.u W£U.PPID DECOBTilOL Jl.CT 
OF 1989 

This Act fully decontrols natural gas well
head prices effective January 1 ,  1 993. 

NETBJlCK PluCE 

The price for natural gas the producer re
ceives "at the wellhead" as determined 
by subtracting the cost of all delivery ser
vices from the price received " at the 
burnertip" for natural gas. In a competi
tive end-use market, it is presumed that a 
producer would receive no more than the 
netback price for its gas. 

NEW FIELDS 
A category of the resource base which 
represents gas that is yet to be discov
ered. This category is quantified based 
on risked assessments attributing geo
logic similarities from known areas, de
fined as those resources estimated to exist 
outside of known fields on the basis of 
broad geologic knowledge and theory. 

No-NOTICE TlUINsPoRBTION SERviCE 

A term used in PERC Order 636 to de
scribe firm transportation service equiva
lent in quality to the delivery service pro
vided as an integral part of traditional firm 
pipeline natural gas sales services. 

NONCONVENTIONllL G.u 

Resource that includes shale gas, coalbed 
methane, and tight gas as these are in a 
relatively early stage of technical devel
opment. 

NoNBYDROCJUtBON G.ISES 

Typical nonhydrocarbon gases that may 
be present in reservoir natural gas, such 
as carbon dioxide, helium, hydrogen sul
fide, and nitrogen. 

NORM 
''Natuially Occurring Radioactive Material" 
in exploration and production operations 
originates in subsurface oil and gas for
mations and is typically transported to the 
surface in produced water, both onshore 
and offshore. 
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Ow-PEBK 
Periods of time when natural gas pipeline 
facilities are typically not flowing natural 
gas at design capacity. 

OITSJIOBE REsERvEs DD PRoDUCTION 

Unless otherwise indicated, reserves and 
production that are in either state or federal · 
domains, located seaward of the coastline. 

Ou.-EQUIVllLENT G.u 
Gas volume that is expressed in terms of its 
energy equivalent in barrels of oil (BOE). 
One BOE equals 5,.650 cubic feet of gas. 

OPEN-.I.ccESS TBDsPollTllTION 

Interstate natural gas transportation ser
vice, available to any willing, credit
worthy shipper, subject to the availability 
of capacity, on a non-discriminatory basis. 
(See PERC Order 436) . 

OPEIULTING CllPJlCITY' 
The maximum volume of gas an under
ground storage field can store. This quan
tity is limited by such factors as facilities, 
operational procedure, confinement, and 
geological and engineering properties. 

OUTER Coift'INENTllL 5BELF (OCS) 
The undersea area offshore from the 
coastline of a continent. This area may 
stretch for many miles from the coastline 
and be covered by shallow ocean. The 
Gulf Coast adjacent to Texas, Louisiana, 
Mississippi, and Alabama is an OCS area 
with substantial natural gas fields currently 
providing a significant source of natural 
gas supplies for the United States. The 
federal offshore usually starts 3 miles off
shore (e.g. , Louisiana) , but starts 1 0 miles 
offshore of Thxas. 

PEJIK D&Y 

The day of maximum demand for natural 
gas service. In any given area, the ' 'peak 
day" usually occurs on the coldest day of 
the year, when demand for natural gas for 
heating is at its highest. Because each 
part of the country experiences different 
weather conditions, the peak day for each 
region or area is usually different. In some 
parts of the country. such as the Southeast 



and the Southwest Central regions, the 
peak day may occur on the hottest day of 
the year, when demand for space cooling 
drives electric generation demand to its 
highest levels. 

PEAK-DAY DELIVERABILITY 
The rate of delivery at which a storage fa
cility is designed to be used for peak days. 

PE.almfG UNIT 

An electric generation unit that is only run 
to serve "peak" demand. An electric 
generation unit is normally operated dur
ing the hours of highest daily; weekly; or 
seasonal load. Some generating equip
ment may be operated at certain times as 
peaking capacity and at other times to 
serve loads on a ''round-the-clock'' basis. 

PBILLIPS DECISION 

In 1954, the U.S. Supreme Court in Phillips 
Petroleum Company v. Wisconsin inter
preted the Natural Gas Act as requiring 
wellhead price of interstate gas to be reg
ulated by the Federal Power Commission. 

PIPELINE FuEL 

G as consumed in the operation of  
pipelines, primarily in compressors. 

PIPELINE 

A continuous pipe conduit , complete 
with such equipment as valves, com
pressor stations , communications sys
tems, and meters, for transporting natu
ral and/or supplemental gas from one 
point to another, usually from a point in 
or beyond the producing field or pro
cessing plant to another pipeline or to 
points of use. Also refers to a company 
operating such facilities. 

P1PELJNE MoDEL 

The EEA (Energy and Environmental Anal
ysis , Inc .) model used in the NPC Gas 
Study; which simulates gas flow from U.S. 
and Canadian producing regions to con
suming regions. 

PLAY 
A group of geologically related known ac
cumulations and/or undiscovered accu
mulations or prospects generally having 

similar hydrocarbon sources, reservoirs, 
traps, and geological histories. 

POOLING PoiNT 
Production area pooling points are areas 
where gas merchants aggregate supplies 
from various sources,  and where title 
passes from gas merchant to pipeline 
shipper. "Paper" pooling areas are 
places where aggregation of supplies oc
curs and where pipeline balancing and 
penalties are determined. (See FERC Or
der 636; Hub.) 

POWER PooL 

An arrangement used in many regions 
whereby all dispatchable electric genera
tion is under the operational control of a 
dispatching center controlled by the 
power pool, not the individual company 
that owns the generating equipment. 

POWEBPL.ILNT AND INDUSTIWIL FuEL USE ACT 
OF 1 978 

This Act was enacted as part of the Na
tional Energy Plan and prohibited the use 
of oil and gas as primary fuel in newly 
built power generation plants or in new in
dustrial borders larger than 1 00 million 
BTU per hour of heat input . PIFUA also 
limited the use of natural gas in existing 
power plants based on fuel used during 
1 974-76 ,  and prohibited switching from oil 
to gas. 

PuBuu.D 
The "Prebuild" System was authorized in 
1 97 7 and provides natural gas from Al
berta, Canada, to markets in California 
and the Midwest. The "prebuild" system 
is Phase I of the Alaska Natural Gas Trans
portation System. 

PlloDVCTION, WET AFrER LE1IsE SEPJUULTION 

Gross withdrawals less gas used for re
pressuring and nonhydrocarbon gases re
moved in treating or processing opera
tions. 

Pllo:UTION POLICY 

Policies within some gas-producing 
states that set production limits in order 
to protect the correlative mineral rights of 
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producers and royalty owners and to pre
vent physical waste. 

PRosPECT 
A geological feature having the potential for 
trapping and accumulating hydrocarbons. 

PRovED REsERVES 

The most certain of the resource base cate
gories as they represent estimated quanti
ties which analysis of geological and engi
neering data demonstrate with reasonable 
certainty to be recoverable in future years 
from known reservoirs under existing eco
nomic and operating conditions. 

RATE BASE 

The value established by a regulatory au
thority, upon which a utility is permitted to 
earn a specified rate of return. 

REFINERY G.RS 

Noncondensate gas collected in petro
leum refineries. 

REGULI.'l'OKY LaG 

Length of time between occurrence of a 
cost by a regulated entity and the reflec
tion of that cost in the actual rates. 

REBEw.ULE ElfERGY SOURCES 

Sources of energy, usually for electric 
generation ,  that include hydropower, 
geothermal, solar, wind, and biomass. 

REPRESSUIURG 

The injection of gas into oil or gas reser
voir formations to effect greater ultimate 
recovery. 

RESERVE APPRECIATION 

The portion of the conventional resource 
base that results from the recognition that 
currently booked proved reserves are con
servative by definition and will continue to 
grow over time. This component repre
sents the growth of ultimate recovery ( cu
mulative production plus proved reserves) 
from known fields that occurs over time. 

RESERVE GROWTII 

Composed of new reservoirs, extensions, 
and net positive revisions. 
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REsERVE-TO-PRoDUCTION RATIO 

Used as an indicator that measures the 
relative size of ready inventory of gas sup
ply to the current production rate. 

REsERVOIR PREssuRE 
The force within a reservoir that causes 
the gas and/or oil to flow through the geo
logic formation to the wells. 

REsmENTIAL CoNSUMP'l'ION 

Gas consumed in private dwellings, in
cluding apartments, for heating, air condi
tioning, cooking, water heating, and other 
household uses. 

REsOURCE B.RSE 

Composed of proved reserves, conven
tional resources (reserve appreciation and 
new fields) , and nonconventional resources 
( coalbed methane, shales, tight gas) . 

REsoURCE CoST CuRvE 

A curve that portrays estimates of the 
wellhead gas price requjred to develop a 
certain volume of the resource base and 
yield a minimum rate of return to the in
vestor. 

REsOURCES 

Known or postulated concentrations of nat
urally occurring liquid or gaseous hydro
carbons in the earth's crust which are now 
or which at some future time may be de
veloped as sources of energy. 

RIGB'l'-01'-WAY 

Either a permanent or temporary ( dur
ing construction) right of access to pri
vately held land for the purpose of con
structing and locating pipeline or related 
facilities. Although ownership remains, 
in many c ases ,  with the original 
landowner, the pipeline purchases the 
right to locate a pipeline under a spe
cific piece of property and the right of 
access to that land for inspection and 
maintenance activities. Pipeline right-of
way may be anywhere from 25 feet to 
1 00 feet wide. Typically, at least 75 feet 
is desired for construction activities ,  
while only 25 feet to 50 feet are main
tained as permanent right-of-way. 



RisKED (UNCONDITIONliL) EsTIMATES 

Estimated quantities of the volumes of oil 
or natural gas that may exist in an area, 
including the possibility that the area is 
devoid of oil or natural gas are risked (un
conditional) estimates. Estimates pre
sented in this report are of this nature. For 
this study, the estimated conventional re- . 
source values were used in the model as 
certain quantities (occurrence probability 
of 1 .0) , and the sensitivity of the model re
sults to higher and lower resource esti
mates was evaluated without quantifying 
the occurrence probabilities. 

Ror'.IL'l'Y 
The gas producer gives the mineral 
owner a royalty in the form of a share of 
the gross production of gas from the prop
erty free and clear of any production costs 
or sells the royalty share of gas and gives 
the owner the gross proceeds in cash. 

SECTION 29 OF 'I'BE INTERN& REvENuE CoDE 

Under this section, income tax credits are 
available to producers of "nonconven
tional" fuels, such as gas produced from 
geopressured brine, Devonian shale, coal 
seams, tight gas. To be eligible for the 
credit, gas from nonconventional sources 
must come from wells drilled before Jan
uary 1 ,  1 993, and must be produced be
fore January 1 ,  2003 . 

So1JR OD 

Natural gas with a high content of sulfur 
and this requires purification before use. 

SPECI&L MDBETI:NG PlloGIUIMS 

The PERC permitted pipelines to imple
ment programs that allowed large indus
trial consumers to arrange purchases of 
cheaper spot market gas from producers, 
marketers , and pipelines ,  with the 
pipelines serving as only the transporter. 
These programs were ruled discrimina
tory by the court and ceased in 1 985. 

SPOT PuRCB.ISES 

A single shipment of gas fuel or volumes 
of gas, purchased for delivery within 1 
year. Spot purchases are often made by a 
user to fulfill a certain portion of gas re
quirements, to meet unanticipated needs, 
or to take advantage of low prices. 

STEADY STA'l'E FLow 
A method of  designing natural gas 
pipeline facilities to meet daily volumetric 
requirements. Under this method, it is as
sumed that the same quantity of natural 
gas flows during each of the 24 homs dur
ing a day. 

STORAGE .IDDITIONS 

Volumes of gas injected or otherwise 
added to underground natural gas reser
voirs or liquefied natural gas storage. 

· 
STORAGE FIELD 

A facility where natural gas is stored for 
later use . A natural gas storage field is 
usually a depleted oil- or gas-producing 
field (but c an al�o be an underground 
aquifer, or salt cavern) . The wells on 
these depleted fields are used to either in-

. ject or withdraw gas from the reservoir as 
circumstances require. 

STORAGE VOLUME 

The total volume of gas in a reservoir. It is 
comprised of the cushion and working 
gas volumes. 

STORAGE WITBDUW.ILS 
Volumes of gas withdrawn from under
ground storage or liquefied natural gas 
storage. 

STIWGBT FID:D V.lllWIBLE (SFV) 
An interstate pipeline transportation rate 
design that includes all of the fixed costs 
as part of the reservation change. Under 
the Modified Fixed Variable (MF'V) rate 
design, costs are divided and some of the 
fixed costs are allocated back to the de
mand change. 

SUNSBINE AcT 

Act passed by Congress with the intent to 
prevent decisions from being made out
side the protection afforded by exposure 
to public scrutiny. 

SYN'I'BE'l'lc N.l.'l'UllAL O.u 

A manufactured product chemically simi
lar in most respects to natural gas, result
ing from the conversion or reforming of 
petroleum hydrocarbons or from coal 
gasification. It may easily be substituted 
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for or interchanged with pipeline quality 
natural gas. 

SYSTEM SUPPLY 

Gas supplies purchased, owned, and sold 
by the supplier or local distribution com
pany to the ultimate end user. System gas 
is subject to FERC or state tariff and is 
generally sold under long-term (contract) 
conditions. 

TllKE-oR-PAY 

A clause in a natural gas contract that re
quires that a specific minimum quantity 
of gas must be paid . for, whether or not 
delivery is actually taken by the pur
chaser. Contracts entered into currently 
do not generally include a take-or-pay 
clause. 

TECBifiCJILLY R.ECOVEIUlBLE REsoURCE 

Is composed of proved reserves and as
sessed resources. Assessed resources 
are that portion of the in-place resource 
which is estimated to be recoverable in 
the future at various assumed technology 
and price levels. 

TIIEBM 
One hundred thousand British thermal 
units. 

TIGBT G.IS 

A component of  nonconventional re
sources which is gas found in low perme
ability formations (0. 1 millidarcy or less). 

ToP G.IS 

(See Working Gas.) 

TRANSIElft' FLow 
A method of designing natural gas 
pipeline facilities to meet the hourly fluctu
ations in demand. 

UnmmLJNG 

On April S, 1 992 , the FERC issued Order 
636 ,  requiring interstate natural gas 
pipelines, operating under the PERC's 
open-access transportation program, to 
unbundle natural gas sales services from 
the transportation/delivery service. In 
practice, this requires affected pipelines 
to sell natural gas at the pipeline's physi
cal receipt points where natural gas en-
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ters the pipeline's facilities, or at desig
nated pooling points. The transportation 
service necessary to affect delivery of 
this gas to the customer would be pro
vided under a sep arate contract . 
Pipelines would also be required to pro
vide unbundled, separate, storage ser
vices. In theory, this will allow all firm 
customers of the pipelines to purchase 
natural gas from anyone, with assurance 
that the delivery service provided by the 
pipeline will be the same. 

URDERGROVND STORAGE 

The storage of natural gas in underground 
reservoirs at a different location from 
which it was produced. 

UNDERGROUND STORAGE IN)ECTIONS 

Gas from extraneous sources put into un
derground storage reservoirs. 

URDERGROVND STORAGE WITJmUWJlLS 

Gas removed from underground storage 
reservoirs. 

UNDISCOVERED CONVENTJONJIL REsoURCES 

Conventional resources estimated to exist, 
on the basis of broad geologic knowledge 
and theory, outside of known fields. Also 
included are resources from undiscovered 
pools within the areal confines of known 
fields to the extent that they occur as unre
lated accumulations controlled by dis
tinctly separate structural features or 
stratigraphic conditions. For the purposes 
of this study, undiscovered conventional 
resources are a portion of the total re
source base. Conventional resources are 
those recoverable using current recovery 
technology and efficiency but without ref
erence to economic viability. These accu
mulations are considered to be of suffi
cient size and quality to be amenable to 
conventional recovery technology: 

UNIFORM CODE 

The establishment of a consistent code 
of regulations that is available to all juris
dictions. 

UNIFORM SYSTEM OF .l.ccoVNTS 
Prescribed financial and accounting rules 
and regulations established by the Fed-



eral Energy Regulatory Commission for 
utilities subject to its jurisdiction under 
the authority granted by the Federal 
Power Act. 

VENTED 

Gas released into the air on the base site 
or at processing plants. 

VIN'U.GING 

A method for pricing gas at the wellhead 
that was committed to interstate com
merce prior to the passage of the Natural 
Gas Policy Act of 1 978. Price was deter
mined in part by the year in which the 
gas was dedicated to interstate com
merce or the year in which drilling of the 
well actually commenced. Vmtaging was 
eliminated by FERC Order 45 1 in Novem
ber 1 986. 

W.l.'l'T 

The electrical unit of power. The rate of 
energy transfer equivalent to 1 ampere 
flowing under a pressure of 1 volt at unity 
power factor. 

W.l.'l'TBOVRS 

The electrical energy unit of measure equal 
to 1 watt of power supplied to, or taken 
from, an electrical circuit steadily for 1 hour. 

WELL WoRKOVER 

Work done on a well that improves the 
mechanical condition of the well or work 
that treats the reservoir in order to im
prove gas flow. 

WORKING GAS 

The volume of gas in reservoir above the 
designed level of the cushion gas. 

GL-1 5  



.1. 
Abandomnent pressure, II:42 
Access restrictions. See also Enviromnen

tal regulation 
balanced approach to, 1:20 
Coastal Zone Management Act and, 

II:260 
Comprehensive Enviromnental Re

sponse, Compensation, and Liability 
Act and, II:263-264 

Endangered Species Act and, II:261-263 
impacts of potential future, 1: 18  
Marine Mammal Protection Act and, II:261 
National Marine Sanctuary program and, 

II:261 
naturally occurring radioactive material 

and, II:263 
Oil Pollution Act and, II:264 
overview o( 1: 136 
to public lands, 1: 136-138; 11:236, 258-260 
Superfund Amenchnents and Reautho-

rization Act and, II:264 
Toxic Substances Control Act and, II:264 
to wetlands, II:262-263 

ACE adjustment, II:307 
Aci.dizing, II:42 
Affiliate abuse, V: l3 
Aggregate capital expenditures, IV:41 ,  

49, 53 
Aggregators, 1:25 
Aggressive imports, II: 148 
Air conditioning. See Commercial gas air 

conditioning 
Alaska Natural Gas Transportation System 

(ANGI'S), II: 1 65, 195 
Alaskan natural gas 

access issues regarding, I: 136 
conclusions regarding, II: l99-200 
demand for, 11: 198 
historical perspective of, II: 1 95 
potential for, II: 143 
Reference Case analysis and, II: 198- 199 
resource overview of, II: 1 45  
summary regarding, II: 1 94-195 
supply outlook for, II: 147 

Alaskan natural gas resources 
extent o( 1:8, 78; II:9 
nonconventional, II: 1 97-1 98 
proved reserves and reserve apprecia

tion o( II: 195 
undiscovered recoverable, II: 1 97 

Algeria, liquefied natural gas from, I:34, 
78; 11:9, 200-206, 213 ,  2 14; IV:21  

Allocation procedures, predetermined, 
IV:83, 85 

Alternative fuels, m 139 
Alternative minimum tax (AMI'), I:96; 

II:27. 306-308 

Alternative piping systems, ffi29 
Alternative tax energy preference deduc

tion, 11:307 

· 
American Gas Association (AGA) 

enviromnental studies by, III:30 
marketing support by, I: 180 
Pipeline Research Committee, I: l57; 

IV: 106-108 
research, development, and commer

cialization recommendations, I: 152 
storage data from, IV:4, 36 

American Gas Cooling Center, III: l 49-150 
Anadarko Basin, II: 138 
Annual capability estimates, IV:38 
Antrim shale, 11: 1 15, 1 19. See also 

Devonian and Antrim shale; 
Nonconventional gas 

Arps-Roberts equation, II:54 
Associated/dissolved gas, 11:39 

B 
Back-up fuels, ffi97, 1 1 4  
Balancing service, m 15 
Base rate, III: 136 
Baseload electric generation, 1:32; III: 103 
Baseload units, II:294; III:90 
Basins in Hydrocarbon Supply Model, 

II: l24-125, 132-136 
Behavioral issues 

as concern for gas industry, 1: 17, 38 
customer orientation as, V:43 
focus group results regarding, V:40-43 
industry fragmentation as, V:44 
marketing as, V:43-44 
regulatory uncertainty as, V:44 

Best cost standards, V:30 
Bio-diversity, I: l44; II:236 
Biomass, ffi59 
BlackWarrior Basin, II:l25, 132, 136 
Blanket certificate, IV:28, 30 
Boiler fuel, 1: 169 
Bottom Stimulating Reflector, II: 140 
Bounded rates, 1: 1 1 4  

explanation o( m 17  
as incentive rate mechanism, IV:8, 72  

Budget blanket certificates, IV:28 
BuncDing, I:39. See also Unbundling 
Bureau of Economic Geology (Texas), 

11:44 
Bumertip price distortions, V:22 
Business risk allocation, V: 17  

c 
Calibration study, quantitative, II:223-224 
California Low Emission Vehicle Regula-

tions, m 144 
can options, 1: 1 75 

Canada 
domestic natural gas sales in, II: 169 
markets for natural gas in, II: 154 
natural gas trade between U.S. and, 

II:280-281 
U.S. exports to, 11: 1 43, 168 

Canadian Energy Research Institute, 
II: 16 1  

Canadian National Energy Board, II :  159-
160; IV:6 

Canadian natural gas 
analysis o( II: 1 66-1 69, 17 1-172 
conclusions regarding, II:  172, 177 
export capacity for, II: 1 6 1 ,  164 
historical perspective of, II: 152-154 
import potential, 1:92 
mega/frontier projects for, II: 1 65- 166 
overview of, I:33; II: l51-152; IV:20-21 
regional U.S. markets for, II: l54- 155 
regulatory enviromnent for, II: 159-160 
supply outlook for, II: 1 45-146 
total U.S. imports of, II: 1 69, 1 7 1  

Canadian natural gas resources 
for coalbed methane and tight gas, 

II: l58-159 
conventional, II: l55-156, 158 
data regarding, I:8-9, 78; II: 143, 1 45, 155 
frontier, II: 158 
potential for, II:9, 23, 143 

Capacity. See also Pipeline capacity 
analytical approach to expansion re

quirements and, IV:42-44 
Canadian-U.S. cross-border flows and, 

II: l64, 1 7 1- 1 72 
discussion of pipeline, IV:4, 40-41 ; 89-9 1 
future requirements for, IV:47 
increased gas use and adequacy of, 

III: l00- 101  
recent additions in, IV:55 
recommendations regarding pipeline 

and storage, IV:68, 89 
recommendations to increase access to, 

1: 1 16- 1 17 
of transmission and storage facilities, 

1:35-37 
Capacity release programs 

explanation of, IV:33 
for interstate pipeline customers, IV: 1 1 , 27 

Capital expenditures, aggregate, IV:41 ,  
49, 53 

Capital investment, estimates for Refer-
enceCases, IV:6 

Carbon dioxide, III:30 
Case 1. See Reference Case 1 
Case 2. See Reference Case 2 
Cased-hole well logging, II:41 
Cash fiow risk, 1: 17 4 
Central Appalachian Basin, II: 135-136 

IN-1 



Certilicate ofPubli.c Necessity and Con-
venience, II:213, 268 

Certificate regulation. IV:28 
Cherokee Basin, II:l35 
Chlorofluorocarbons (CF'Cs), 1: 139; In:29, 30 
Chrisbnas tree, II:67 
Citygate sales, IV:27 
Clean Air Act (CAA), 11:1 2; IV:59 
discussion of, I: 133-1 34; 11:235 
encouragement of natural gas use in 

electric generation by, In:9 1  
environmental regulation scenarios and, 

II:240, 241 
offset provisions of, m:76-77 
reauthorization of. II:234 

Clean Air Act Amendments (1 990) 
chloroO.Uorocarbons and, m:30 
compliance with, I: 1 4  
effect on pipeline system expansion, 

IV:96 
emission restrictions in, IV:7 
impact on natural gas vehicles, m: 144 
impact on transmission and storage facil-

ities, I: 1 38-139 
purpose of. IV: 106 
requirements lUlder, I:8, 1 13; m: 1 42 
stimulation of interest in clean-burning 

alternative fuel by, In: l 39, 1 40  
Clean Water Act (CWA), II: l2; IV:59 
description of. II:235 
discussion of. I: 133 
environmental regulation scenarios and, 

11:240, 241 
Coal 
co-tiring of natural gas with, I: l 2, 1 4  
for coke plants, m:70, 72 
as competition to natural gas industry, 

I: 183; m:95-96 
consumption used in Reference Cases 

for, m l 70 
contracts for, II:290 
gas substitution for, In:75 
prices used in Reference Cases for, 

In: l 67-168 
used by electric utilities, ID: l36, 137 
used by non-utility generators, m:85 

Coal-fired facilities, In:92 
Coal seam degasilication teclmology, 11:306 
Coal seam gas, 1:34. See also Coalbed 

methane 
Coalbed gas, 11: 1 39 
Coalbed methane. See also Nonconven

tional gas 
basins included in Hydrocarbon Supply 

Model, summaries of, II: 124-135 
in Canada, II: l58- 1 59 
cell descriptions for, II: 136-137 
current issues and 1mcertainties of, II: 1 24 
explanation of, 11:34 
historical trends and future expectations 

for production of. II: l 23- 124 
model results for, II: 1 37 
model nms through 2030, 11: 1 37- 138 
as nonconventional resource, I: 6, 34, 77-

78; 11:8 
prior estimates of potential of, II: 122 
study objectives for, II: l 23 
summary regarding, II: 1 1 9, 1 22 

Coastal Zone Management Act, I: 138; 
11:260; IV:59 

IN'-2 

Co-tiring of natural gas with coal. I: 1 2, 1 4  
Cogeneration 

additional gas use by, moo 
anticipated growth in, m7 4 
and availability of sites, In:75-76 
in commercial sector, In:46 
growth opportunities through increased 

penetration of packaged, I: 14 
Cogenerators, II:295 
Columbia Natural Resources, .II: 1 12, 1 15 
Commercial gas air conditioning 
benefits vs. costs ot: In:47-48 
environmental issues regarding, m:S0-51 
equipment paybacks and incentives in, 

m:48, 50 
future outlook for, In:50 
gas absorption systems for, m:47 
historical cooling characteristics of, 

m:46-47 
Commercial sector. See also Residential 

and commercial sector 
demand and distribution in, m:4-5 
economic and energy assumptions in, 

m: l77 
energy consumption in, m 178-179 
energy prices in, m: 177- 1 78 
gas air conditioning in, m:46-54 
natural gas consumption in, I: 100; m 172, 

179-180 
overview of. In:41 ,  45, 46 
by regions, m:54-57 

Commercialization. See also Technology 
demand-side technology and, I: 182 
discussion of, I: 161-162 
funding issues regarding, I: l51- 153 
as limitation to potential for increasing 

natural gas contribution, I: l52 
and technology, I: l8, 104 
need for product, V:41 
problems regarding minimal. m 147 
recommendation to focus on, m:78 

Communication 
with customers, I: 187, 189 
with public regarding natural gas bene

fits, 1: 1 47 
recommendations regarding, V:46 
between regulators and industry, I: 126; 

V:8, 35 
Compensation requirements, I: l31  
Competition 
affecting electric utility industry, In: l32 
from competing energy sources, I: 12, 

183; m:95-97 
in markets, IV:7 1-72 
recommendations regarding, I: 125-126; 

V: l6, 45-47 
regulation and, V:22-23, 32 
use of, V:8 

Competitive markets. See also Markets 
benefit of. I: l7  

· 
definition of, I: l26; V:8, 9, 24 
development of customer-oriented natu-

ral gas services due to, V: 1 
marketing and, 1: 183-1 84 
recommendations for development and 

function of, 1: 1 9-20; V:47 
transition toward open, IV:61-65 

Complaint fonuns, V:31 
Compliance costs, environmental, I:8 

Comprehensive Environmental Response, 
Compensation, and :U.ability Act of 
1 980, 1: 138; II:263-264 

Compressed natural gas (CNG) 
as alternative vehicle fuel. m 139 
obstacles to use of, m 1 43- 1 45 

Compressor operations, IV: 107 
Computer visualization/simulation, II:41 
Construction. See Facility construction 
Consumers. See Customers 
Consumption. See Energy consumption; 

Natural gas consumption 
Contract diversity 

e11'ects of, I:73, 95 
focus group comments on, I: 1 69- 1 70 
impediments to, II:297 
need for, II:291 
overview of, 1: 1 69; II:26 
recommendations regarding, I: 17 1-172 

Contracts 
assurances of sanctity, I:22 
changes regarding practices in, 1:34-35 
consumer considerations in, II:292 
evolution of, 1: 1 70- 1 7 1 ;  II:285-290 
financial risk management techniques 

and, I: l 72-1 76 
fixed-price long-term, I: 173 
gas marketer/supply aggregator consid

erations in, II:292 
for natural gas compared to other en

ergy supply contracts, 11:290-291 
producer/supplier considerations in, 

11:291-292 
regulatory issues and, I: 1 70 
supply provisions in, II:Z9Z-Z93 
terms of gas supply and conditions in, 

m: lOS-108 
Contractual relationships, V: 15 
Conventional gas resource base 

assessment summary of, II:33, 39-40 
Canadian, II: l55-156, 1 58 
conclusions regarding, II:89 
definition of, II:51 
discussion of. 1:76-77 
DOE 1988 study of, II:SS-59 
development assumptions for, 11:81-83 
EIA 1 990 study of, II:59-60 
existing proved resources and, II:40 
explanation of, 1:5-7 
GRI 1 99 1  study of, II:62-63 
Mexican, II: lS0- 1 8 1  
NPC assessment of1mcliscovered re

sources, II:55-57 
NPC assessment vs. other assessments 

of, II:57-58 
offshore drilling and completing costs 

and, II:66-67 
offshore facilities costs and, 11:67, 69-70 
offshore operating costs and, 11:79-80 
onshore drilling and completion costs 

and, II:64-66 
onshore facilities costs and, II:67 
onshore operating costs and, 11:70, 80 
PGC 1990 study of, II:6 1-62 
rate of return on investments for, II:80 
reinveStment ratio for, II:80-81 
reserve appreciation and, II:41-50 
resource cost curve for, 11:8 1  
results for, II:83, 87 



sensitivities in, II:87 -89 
swnmary ot n:6-8, 10- 1 1 
supply dynamics and, I:79-80 
technological advances and, n:63-64 
undiscovered resources in hydrocarbon 

supply model, n:52-55 
USGS-MMS 1989 study of, II:60-61 

Cooling usage, In:45 
Cooperative research. See Joint research 
Cost aBSI.DJlptions 
offshore drilling and completion costs 

and, II:66-67 
offshore facilities costs and, II:67, 69-70 
offshore operating costs and, n:79-80 
onshore drilling and completion costs, 

II:64-66 
onshore facilities costs and, II:67 
onshore operating costs and, II:70 

Cost-based rates, V:29 
Cost-based regulation, I: 1 1 4; IV:8, 72, 73 
Cost-benefit enviromnental evaluations, 

I:23; n:316-319  
Cost curve, II:81 
Cost-of-service principles, I:20, 29; V:22-23 
Cost recovery mechanisms, IV:77 
Costs. See also Delivered gas costs; 

Drilling costs; Prices; Rates; Tran
sition costs 

of converting resources to producible 
supplies, I:6 

of free trade, II:283-284 
impact of technological advancements 

on, II:217,  222-223, 226 
life-cycle, I: 23 
transition, I:26; V:21  

Council of Petroleum Accounting Soci-
eties (COPAS), I: l l7; lV: l l  

Credit risk, I: 1 7  4 
Cretaceous coals, II: 125, 132-136 
Cross-border capacity and tlows 
Canadian-U.S., n: 164, 1 7 1- 172 
Mexican-U.S., II: 184-186 

Cross-subsidies 
avoidance of, I:20 
potential for, III: 105 
recommendation for phasing out, III:9; 

V:7, 17  
Crude oil prices, III: 166 
Cumulative drilling, II:46 
Cumulative production, I:7 
Curtailments 
discussion ot II:270 
due to regulated gas prices, 1:4 
of 1970s, I: l7, 30, 32 
potential contlicts in, IV:83 

Customer needs 
focus group beliefs regarding, 1V:9 
NPC study findings regarding competi

tive market forces impact on ability to 
serve, 1:2, 15-16  

role ofNatural Gas Council in assisting 
industry to meet, I: 180 

transmission and storage system ability 
to meet, IV:6-8 

types of, IV: l5 
Customer orientation 
Iack o( 1:39 
local distribution companies and, I:22 
need to improve, 1: 12 1 ;  V:2-3, 43 
problems regarding, I: l7  

Customers 
ability to serve, 1:2 
concem regarding reliability issues, 

lV: lO, 85 
contracting considerations for, II:292 
cooperation between regulators, indus

try and, V: l3 
development of service oriented toward, 

V: l4-15, 44 
education programs for, n:327 -330 
electric generators as, n:293-295 
industrial end-users as, II:296-297 
industry responsiveness to, In:97 -98 
interruptible, n:270; III: l5, 74-75 
local distribution companies as, II:295-296 
regulation as limit to choice by, 1: 1 23; V:5 
reliability concerns of, I: 1 64 
transmission and storage capacity infor-

mation availability to, IV:85 
transmission and storage system choice 

by, 1: 1 6  
types ot III: l5; V: l4 
working with, 1V:79-80 

Cycling load generation, III: 103 
Cycling units, II:294; III:90 

D 
Deep gas deposits, n: 138-139 
Deliverability 

achievement of adequate, V:42 
concerns regarding, I:22, 163 
creation of excess, II:272 
decline of unused, 1:94-95; n:25-26 
explanation of, 1:33; 1V:83 
Mexican, II: l81 
obstacles to smooth, V: 12 

Delivered gas costs, I :  10, 67 ,  69 
Demand. See also Energy demand 

for Alaskan natural gas, II: 1 98 
changes in, n:327 
efl'ect of decline in, II:272 
factors that drive industrial, In: 7 4-78 
for oil for specialized use in industrial 

sector, III:67 
peak-day, 1V:48-49 
residential, In:29-35 
supplying estimated electricity, III: 134 

Demand and distribution. See also Distri-
bution systems 

commercial sector, In:4-5 
electric generation sector, In:83-87 
findings regarding, III: l -4 
industrial sector, III: 5-6 
for natural gas vehicles, 1:69; In:7-8 
recommendations regarding, I: 104-105, 

166; III:9 
residential sector, III:4 
technology related to, III:8-9 

Demand and Distribution Task Group, 
1:41 ;  III: l ,  13 1 ,  155, 156, 162 

Demand elasticity, III:32 
Demand Side Management (DSM), 1:97; 

III:93; V:29 
Demand side technology, 1: 181- 183 
Department of Commerce, III: 150 
Department ofDefense, In: 150 
Department of Energy (DOE) 

authority over imports, II: 160 
enviromnental studies of, III:30 

Fossil Energy Office, I: l59- l6 1 ;  II:302; 
III: l5 1  

need to evaluate subsidies for compet-
ing fuels, m: 1 1 4  

1988 resource base assessment, II:58-59 
RD&D for natural gas by, III: 150 
research, cooperative, I :  161 ;  II:304 
research, development, and commer-

cialization recommendations, 1: 153 
role in supply education, 1:96 
vision for natural gas industry, I: 188 

Department of Interior (DOl) 
research, cooperative, II:304 
research, development, and commer

cialization recommendations, 1: 153 
Department of Transportation (DOT), 1V:95 
Deregulation See also Regulation 

efl'ect on marketing, I: 1 79, 185 
process toward, 1: 1 9; IV:8, 9 
recommendations regarding, I: 1 1 4-1 15 
steps toward, II:272-273 
ofweDhead prices, ffi77; 1V:61 ;  V:28-29 

Development aBSI.DJlptions, II:81-83 
Devonian and Antrim shale. See also 

Antrim shale; Nonconventional gas; 
Shale gijS 

basins for, II: 1 15, 1 1 9 
for model runs through 2030, II: 1 1 9 
reserve additions and production of, n: 1 1 9  
summary regarding, n :  1 1 1 ,  1 15 
technological advances in, II: 1 15 

Discounted cash tlow (DCF), n:so 
Dispute resolution, II:293; V: 13 
Distribution systems 
background and fundamentals of, III: 13, 15 
capacity of, m: 1 6  
design of, III: 15- 16  
issues relevant to, III: l6-17 
overview of, 1:3; III: 1 1 - 13 
physical condition of, III: 16  
services provided by, III: l5  

Domestic resources, 1:5, 33, 7 1  
Downside Option Case, 1:70 
DRJJMcGraw-Hill (DRI), III: l56 
DRI Models, 1:50 

described, VI: Chapter Two 
NPC input assumptions, VI: Chapter 

Three 
output, VI: Chapter Four 

Drilling 
cumulative, II:46 
decline in, 1:93 
extension of, n:42 
productivity improvement for, II:226-227 

Drilling costs 
analysis of, 1:8 1 ;  n:224-225 
efl'ect of, II:277 
Hydrocarbon Supply Model �d reduc

tion in, II:243 
impact of technological advancements 

on, I:6; II:21 9, 224 
offshore, n:66-67 
onshore, II:64-66 
underlying trends in, n:225 

Dwight's Energy, II: l00-101 ,  107 

E 
Economic assumptions, II:80-81 
Economic dispatch, III:99 

IN-3 



Economic growth 
and demand for electricity, III:93 

in scenarios, 1:4-5, 5 1  

Economic policies, 1:39-40 

Economic regulation, V:27 

Edison Electric Institute (EEl), ID:85-86 

Education needs 
regarding financial risk management is

sues, 1: 1 7 1  

regarding natural gas benefits, 1 :  1 47,  
187-189; ll:3 1 9-32 1 

regarding supply, 1:96, 1 89; ll:27 
Efliciency. See also Energy efficiency 

gains in, 1: 1 1 4; m: 1 1  

incentive regulations leading to in
creased, 1:20; IV:8, 72 

Electric and magnetic fields (EMF), m: 1 33 

Electric generation 
assumptions affecting NPC model out

puts with respect to potential gas use 
in, m: 1 23-1 24 

base1oad, 1:32 
changes in capacity of, m: 1 14 
constraints on capacity of, III: 1 63- 1 64 

demand and distribution for, ID:6-7 

discussion of, IV:97 -99 

environmental constraints on, 1: 1 40 

joint task forces between natural gas 
and, 1:23 

natural gas use for, 1: 14, 1 02-1 03; III:86-
1 20; IV:69, 97 

potential gas demand shown in NPC sce-
narios for, III:87 -89 

Electric generators, ll:293-295 

Electric heat pump technology, ID:34 

Electric Power Research Institute, ID: 1 02 

Electric power sector 
economic and energy assumptions in, 

III: 1 88- 192 

energy consumption in, III: 1 94-1 97 

energy prices in, III: 1 92-194 

forces and developments affecting, 
ni: l31-134 

history of role of gas and other energy 
sources in, ID:84-86 

natural gas consumption in, ni: 1 73, 1 97-
1 98 

overview of, ID:83-84, 1 88 

recommendations regarding cooperation 
between gas industry and, m: 1 1 2, 1 13 

Electric Reliability Council of Texas, IV:99 
Electric utilities 

percentage share of generation by en
ergy source, ID:84-85 

planning process used by, m: 1 34-1 35 

power pools for, III: 135-136 

Electric utility sector 
competition affecting, m: l32 
development in, IV: 1 7  

discussion of, 1:32 
energy used by, ID:85 

factors that effect fuel choice decisions 
for, m: l 25, 1 27-1 28 

marketing natural gas to, III: 131-138 

misunderstandings and misconceptions 
regarding, ID: l36- 138 

modeling approach used for, III: 159, 162 
natural gas utilization by, 1: 1 69 

obligations to shareholders in, m: l 3 1 - 132 

reliability issues and, 1: 1 64, 1 66 

IN-4 

Electricity 
contracts for, ll:290-29 1 

demand for, ID:83, 93-94 

estimates of total usage of, m: l 34-1 35 

industrial uses for, m:72 

price analysis of gas and, III:34-35 

Electronic bulletin boards, 1: 1 6; IV:33, 62 

Electronic Data Interchange, IV:83, 84, 86 

Electronic gas measurement, 1: 1 6  

Emergency Wetlands Resources Act of 
1986, ll:262-263 

Emissions 
compressor, IV: l06 

in gas-fired facilities, ID:93 

methane, IV:93 

restrictions regarding, IV:7 

use of natural gas to control, 1: 14  

End-use restrictions, I: l 46 

End-Use Sector Models (EEA), 1:42-43, 
49-50; ID: l56 

· End-use sectors, 1: 12  

End-use technology 
commercialization of; I:3, 1 9  

funding for development of, 1: 18 ;  m: l 50 

End-user transportation, m: 15 

End users, industrial, ll:296-297 

Endangered Species Act, 1: 1 38; ll:26 1-
262; IV:59 

Energy and Environmental Analysis, Inc. 
(EEA), ll:4 

analyses conducted by, I:42-43; 11: 1 1 2 

End-Use Sector Models, 1:43, .49-50 

Energy Overview Model, 1:42, 44; III: l 56 

assumption used, VI: Chapter Three 
descibed, VI: Chapter One 
model output, VI: Chapter Five 

Hydrocarbon Supply Model, 1:42-43, 45 

Pipeline Model, 1:43, 47-46 

sector models, III: l 56, 159 

study on Canada, II: 166-1 67 

Energy conservation 
electricity demand and, ID:93 

impacting gas demand, 1: 1 2  

improvements in technology for, III:94 

Energy consumption See also Natural gas 
consumption 

changes in industrial, m: 1 63 

in commercial sector, ID: l78-179 

concerns regarding world-wide, 1:4 

data regarding industrial, m:59 

in electric power sector, ID: l 94- 1 97 

in industrial sector, m: l 84- 186 

opportunities for natural gas to increase 
· share of, 1:5 

used in Reference Cases, ID: l 68- 173 

Energy demand. See also Demand 
in Mexico, 11: 1 86, 188 

projections of U.S., 1:56-57 
Energy efficiency 
effect of programs for, V:33 

electricity demand and, ID:94 

impacting gas demand, 1: 1 0  

investment in ,  III:64 

Energy Information Administration (EIA) 
estimate of recoverable hydrocarbon 

resources, 11:38 

on industrial energy consumption, m:59 

1990 resource base assessment, 11:59-60 

on non-utility generators, ID:85, 86 

reserve information from, 11:40 

residential sector information from, 
ID:27-28 

Energy intensity, I:54 

Energy Overview Model. See EEA. 
Energy Policy Act of 1 992, II: 1 60 

Energy prices 
in commercial sector, ni: l 77-1 78 

conclusions regarding, ID:200 

derivation for Reference Cases, ID: 1 6� 1 68 

in electric power sector, m: 1 92- 194 

in industrial sector, m: l 82- 184 

in residential sector, m: 1 7  4 

Energy resource planning, I: 1 27 ;  V:9 

Entry barriers, V: l 3  

Environmental regulation cases, I: 132- 1 33 

Environmental compliance 
cost-effective technology for, I:2 1  

costs incoxporated into Hydrocarbon 
Supply Model, 11:237 

costs, sources of, 11:238 

impact on industry, II:24 7 

impact on supply, I:6, 8, 134 

incremental costs of, 11:238-241 

production impact o( 11:248, 25 1 ,  253 

transmission and storage system find-
ings regarding, IV:59-6 1 

Environmental constraints 
background o( 1: 1 3 1  

on end use of natural gas, 1: 1 39- 1 40 

on exploration and production, I: 1 32- 1 38 

options for overcoming, 11:3 13 

on pipeline operations, IV:96 

reasons for, 1: 1 3 1 - 1 32; 11:3 1 1-31 3  

rkommendations for overcoming, 
11:3 13-325 

summary of, 1: 132; 11:3 13 

on transmission and storage, I: 1 38- 139 

Environmental externalities 
conceptual basis for, 1: 1 43 

controversies surrounding, 1: 1 43 

development of strategy regarding, I:23 

and encouragement for use of natural 
gas in electric generation, ID:9 1-92 

state, 1: 1 40 

Environmental issues 
decentralized, market-oriented 

approaches to, I: l 43-1 44 

description of, 1: 129; II:23 1-232 

efforts to understand, II:3 1 1 

global climate change as, I: 144 
natural gas use and, I: l 4 1 - 1 42 

recommendations for government 
regarding, 1: 144-145 

recommendations for industry regard
ing, I: l 45-1 49; IV:69, 93-94 

residential demand and, ID:29-30 

summary of findings and recommenda
tions regarding, 1: 129-130 

Environmental legislation. See also indi-
vidual legislation 

during 1 970s, II:233 

overview of, II:234-236 

reauthorization of, Il:233-234 

Environmental movement, 1: 130 

Environmental organizations, 11:3 12 

Environmental politics, I :  142-1 43 



Environmental Protection Agency (EPA) 
RD&D for natural gas by, m: 150 

study on methane leakage, IV:93 

Environmental regulation. See also Regu-
lation 

approaches to, 1:2 1 ,  1 43- 144 
in Canada, ll: l59- 1 60  

as challenge for government, 1:39-40 

compliance with, ll: 12  

duplicative and restrictive, IV:93 

on emissions, IV:7 

history of, ll:233-234 

impact of potential future, 1: 1 9  

impact on cost of producing natural gas, 
1:81  

in Mexico, ll: l 79-180 

recommendations regarding, ll:232 

role ofindustry in, 1:2 1-23 

sensitivity case based on stringent, 1:92 

supply sensitivities and, ll:23 

trends in, ll: 236-237 

Environmental regulation scenarios 
definition ot ll:237-238 

description of, ll:240-243 
issues not addressed in, ll:257 -264 

methodology and assumptions used in, 
ll:237-246 

results of, ll:246-257 

Environmental technology, 1: 145- 1 4  7 

Equipment advances, m:30, 32 

Estimated ultimate recovery, ll:41 

Ex parte rules, V:8, 25-26 

Exploration and production (E&P) 
access to, ll:236 

environmental compliance costs, 1:8 

environmental constraints on, 1: 132- 1 38 

examination of regulations and limita-
tions on, ll:23 1 

prices and lagged response in, 11:277 

Exploration finding rate, ll:53 

Exports 
opportunities for, 1:95; ll:26 

U.S. authority over, ll: 1 60 

from U.S. to Canada, II: l 43, 1 68 

from U.S. to Mexico, ll: l 43, 188, 189 

F 
Facilities 

capacity and interconnection oftrans-
mission and storage, 1:35-37 

costs, ll:64-70; IV:82 

natural gas use and various, ID:92-93 

options for approval of, IV:30 

rate treatment for new, 1: 1 26 

recommendations regarding new, IV:67-
68, 78 

requirements for, IV:79 

Facility construction 
analyses of new, V:25 
challenge of, V:24 
delays in new, IV:79, 81 -82 

estimated cost for, IV:41 

issues in, IV:77-80 

needs for, IV:4, 6 

pennits for, IV:29-30 

recommendations regarding, 1: 1 15-1 1 6 ;  
V:46 

regulatory conditions on new, IV:80-82 

on timely basis, IV:9- l 0 

Farm Bill of 1 990, ll:262 

Farm use , oil for, ill:67 

Federal Energy Regulatory Commission 
(FER C), ill: 1 1 .  See also individual FERC 
Orders 

development of facility construction reg-
ulations by, IV:29-30 

environmental compliance by, IV:59-6 1 

estimates of tight gas, ll:97 

and implementation of special marketing 
programs by pipelines, V:21 

legal definilion of tight formation o( n:93-94 

open-access transportation begun by, 1: 15 

pipeline capacity data from, IV: 4 

pipeline competition study by, IV:7 1  

regulation of jurisdictional activities of in-
terstate pipelines by, 1:27 

regulation recommendations regarding, 
1: 1 9-20, 1 26 

regulatory review of pipeline companies 
by, IV:25-26 

reversal of orders of, V:23 

and state regulation, V:3 1 

for terminal construction, ll:2 1 1 

view on incentive regUlation, IV:72 

vision regarding regulation, V: 1 2  

Federal government 
challenges for, 1:39-40 

challenges requiring proactive steps by, 
1:2-3, 1 6- 1 9  

competing energy sources subsidized 
by, 1: 1 40 

energy research programs funded by, 
m: 1so. 151 

land inventory of, 1 :  136- 1 37 

NPC research, development, and com
ercialization recommendations to, 1: 1 53 

and natural gas R&D, 1: 159- 1 6 1  

recommendations regarding use of  gas 
in electric generation by, ill: 1 13-1 1 4  

reexamination of natural gas RD&D effort 
by, 1:2 1  

Federal Power Commission (FPC), 1:29; 
ll:4; ill: l l  

enforcement of Natural Gas Act by, ll:266 

estimates of tight gas, ll:97 

Federal regulation. See also Regulation 
challenges for, V:22-24 

historical, V:4 

overview o( V: l 9-21 

present state of, V:21-22 

recommendations regarding, 1: 126; V:S-
9, 24-26 

state regulation needs to respond to 
changes in, V:32 

uncoordinated nature o( V:4 

Federal Trade Commission, 1:29 

Feedstock, 1: 1 69; m:67 

FERC. See Federal Energy Regulatory 
Commission 

FERC/DOE Deliverability Task Force 
discussion of, IV:86 

evaluation of recommendations of, IV: 1 0  

reliability issues addressed by, 1 :  17 ,  1 1 6;  
IV:85 

FERC Order 380, 1:26, 28, 97 

discussion of, 1:30-3 1 

explanation of, ll:272 

FERC Order 436, 1: 15, 97; V:24 

discussion of, 1:3 1 ,  1 1 3 

explanation of, ll:272, 273, 288, 290; IV:7, 
26, 62; V:2 1  

impact of, IV:33 

implementation of, Il:285 

FERC Order 45 1 ,  ll:272, 289 

FERC Order 490, ll:289 

FERC Order 500, 1:97; ll:273; m: l 2  

FERC Order 528, 1:97 ; ill: l 2  

FERC Order 555, IV:6 1 ;  V:24 

FERC Order 636, 1: 15, 28, 97, 1 1 7  

adoption of, V: 1 2  

costs and charges resulting from re
structuring under, ill: 105, 1 1 2  

explanation of, 1: 1 1 3- 1 1 4; ll:290; m: l 2-13; 
IV:7-8; V:21  

gathering systems and, IV:69, 101  

impact of, 1: 1 72, 185; ll:296; IV: 10- 1 1 ,  
27-28, 33 

provisions of, IV:32, 33, 62, 90, 103 

reliability issues and, 1: 1 65 

FERC Order 636A. 1: 15 ,  28, 97 

adoption of, V: 1 2  

efficiency and reliability enhancement 
and, IV:8 1 

explanation of, ill: 1 2- 1 3  

gas allocation under, IV:8 1  

Field, ll:52 

Financial risk management, 1: 1 72- 1 76 

Firedamp, II: l 39 

Firm sales customers. m: 1 5  

Firm service, 1:9; m: l 5  

Fiscal policy, 1:96; ll:27 

Fish and Wildlife Service, 1: 137; ll:259 

Focus groups 
on behavioral issues, V:40-43 

combined comments on challenges for 
industry. ll:328-329 

on contracting issues, 1: 169-170 

on leadership issues, 1: 1 88 

on marketing capabilities, 1:97 

reasons for use of, V:40 

on regulatory policy and environment, 
1: 1 1 9, 1 2 1 ;  V:3, 4 

on reliability issues, 1: 163 

on research and development, 1: 155 

on transmission and storage system, 
1: 1 1 5 

utilization of, 1: 1 ,  25 

Forecast uncertainty, ll:23-24 

Forrest City Basin, n: 1 35 

Forwards (contracts) , 1: 1 73 

Fossil Energy O!Iice, 1: 159- 1 6 1 ;  ll:302; 
m: l 5 1  

Fracturing, ll:42 

Franchise protection 
local and state regulatory authority, V:31 

re-evaluation of, 1: 1 27; V:9 
recommendations regarding, V:47 

FRB Index, m:60 

Free Trade Agreement with Canada 
(1 989) , 1:33 

FUel cell technologies, 1: 1 62 

FUel prices. See also Prices 
assumptions regarding future, m:98, 1 25 

delivered price of, m:98-99 

FUel switching, m:72-7 4 

IN-5 



Fuels, electric utility decisions regarding 
choice in, ni:l 25-130 

Futures (contracts), 1: 1 6, 1 73-174 

G 
Gas bubble, 1:94; U: 1 
creation of, U:272 
explanation of, 1:7 1 ;  V:20 

Gas-cooling technologies 
growth opportunities in, 1: 14, 189 
historical characteristics of, m:46-47 
market for, m:l 48-149 

Gas-fired electric generating units, 1: 1 4, 
ni:89, 92, 137 

Gas-fired technologies, 1: 162 
Gas heating, ni:46 
Gas mains, ID:33-34 
Gas procurement, V:8 
Gas Research Institute (GRI) 

assessment of resource base by, II:38, 
62-63 

Baseline for 1993, 1:65 
description ot ni:l 49, 152 
PERC-approved funding of, 1: 152 
problems regarding role ot V:43 
R&D through, 1: 18, 1 13, 157-159, 16 1 ,  

181 ;  m: l49 
research, development, and commer-

cialization recommendations, I: l52 
research needs for, m: l l2-1 13  
study on methane leakage, IV:93 
technology development investments 

by, II:301-302 
transmission and storage system R&D 

handled by, IV: l06, 108 
Gas utilities, ni:67 
GAS*FLOWUser's Group, IV:86. See also 

Council of Petroleum .Accounting Soci
eties; Interstate Natural Gas Associa
tion of America 

Gathering systems, IV: 102-103 
recommendations regarding, IV:69, 

101-104 
state regulation ot 1:20; V:34 

General Agreement on Tariffs and Trade 
(GA'IT), U:282 

Geology, 1:66-67 
Geopressured aquifers, II: 139 
Global climate change 

as environmental issue, 1: 144 
and natural gas use in electric genera

tion, m:91 
trends regarding issue ot U:237 

Global climate change compounds, m:29 
Good faith negotiations, II:272 
Government. See also Federal government 
challenges requiring proactive steps by, 

1: 16-19 
environmental constraints and policies, 

processes, and practices of, U:3 1 1-312 
environmental issues and recommenda

tions for, 1: 130, 144-145; U:313-316 
and public misperceptions, U:3 1 2  

Government agencies, m: 1 13-1 14  
Great Britain, U:206 
Greater Green River Basin, U: 134 
Greenhouse gases, ni:30, 91  

B 
Halogenated carbon compounds, ID:29 

IN-6 

Hazardous wastes, ni:29 
Hedging, 1: 1 72-174 
Horizontal drilling, U:41 
Hoosing Characteristi::s (1990) (EIA), ni:27 
HVAC systems, ni:46 
Hydrate gas, U: l40-141 
Hydrates, 1:7 4 
Hydraulic fracturing, 1:34; II: 1 25 
Hydrocarbon Supply Model, m: 156 

basins included in, U:l25-136 
basins not included in, II: 136 
compliance cost data incorporated into, 

U:237, 241 
described, VI: Chapter One 
Enhanced Recovery Module of, U: 100, 

124, 136-137 
explanation ot 1:42-43, 45; U: 12, 40 
input requirements of, U:246 
nonconventional gas and, U:91  
rate of return on investments and, II:80 
reserve appreciation in, U:48-50 
translation of supply assumption into, 

II:225-228 
undiscovered resources in, II:52-55 
use ot 1:54, 66, 81 

I 
IcF Resources, Inc., 1:54; U:2 19, 224 

examination of environmental initiatives 
by, U:238 

study ofR&D funding, II:301 
tight gas basin studies by, II:98 

D!inois Basin, II: 136 
Importance of Market Centers (FERC), 

IV:90 
Imports. See also Canada; Canadian natu

ral gas; Liquefied natural gas (LNG); 
Mexican natural gas; Mexico 

aggressive, U: 148 
conclusions regarding, U: 149 
discussion ot 1:8-9, 28, 33-34; IV:20-21 
history of, II: l43 
opportunities for, 1:95; II:26 
potential for, 1:78; U:9, 23 
resource overview related to, II: 1 43, 1 45 
restrained, II: 148 
sensitivity analysis on, II :  1 48-149 
summary regarding, II: 143 
supply outlook for, U: l45 
U.S. authority over, U: l60 
U.S. dependence on, 1:26 

In-place resource, U:30 
Incentive rate mechanisms, 1: 1 1 4  

explanation ot ni: l6-17;  IV:72-73 
exploration ot V:8, 24, 32 
types ot ni:l7 ;  IV:8, 7 1-72 

Incentive Rate Sensitivity Case, 1:67 
Incentive rates of return, 1: 1 14 

explanation ot ni: 17  
as incentive rate mechanism, IV:8, 73 

Incentive regulation, 1:20 
benefits ot IV:73 
conclusion regarding, IV:75 
New Service Case, IV:74-75 
recommendations regarding, 1: 1 14-1 15; 

IV:8-9, 67, 7 1 ; V: 16  
Inclined wellbores, II: 100 
Income tax, U:305-306 
Incremental markets, V:5 

Incremental pricing, IV:63-64 
Incremental rate design, ni: 1 05; IV:75 
Independent Petroleum Association of 

America (JPAA), 1: 180; II:224 
Independent power producers (IPPs), m:ss 

emergence and growth ot ni:93 
explanation ot II:294 
reliability concerns of, 1: 1 64 

Index ofTotal Industrial Production (FRB 
Index), ni:60 

Indoor air pollutants, ni:29 
Industrial demand, IV: l5- 16  
Industrial energy market, ni:63, 64 
Industrial Gas Technology Commercial-

ization Center (IGTCC), ni: l50 
Industrial output, m:61 '  63 
Industrial sector 

activity measurement in, ni:60-61 
conclusions and recommendations for, 

m:78 
demand and distribution in, ID:5-6 
discussion ot 1:32 
economic and energy assumptions in, 

m: 181- 182 
energy consumption in, ni: l84-186 
energy prices in, ni: l82- 184 
environmental constraints on, 1: 1 40 
factors favoring increased penetration in, 

m:n-78 
factors that drive demand in, m:7 4-77 
gas technology options in, m: 149 · 
implementation of energy conservation 

technologies in, m:64-67 
less energy-intensive output trend in, 

m:61 ,  63 
modeling approach used for, m: 156, 159 
modeling results and, ni:59-60 
natural gas consumption in, 1: 100-1 02; 

m: l72- l73, 187- 188 
on demand for specialized use in, m:67 
overview ot 1: 14; m:59-74 
recommendations for gas industry in 

dealing with, 1: 101- 102, 104 
by regions, m:78-82 
reliability concerns of, I: 1 64 

Industry 
challenges requiring proactive steps by, 

1: 1 6-18  
cooperation between regulators, con

sumers, and, V: l3  
gas consumption by, 1:28 
recommendations regarding environ

mental issues, 1: 130, 1 45-147 
reliability concerns of, 1:21-22 
research, development, and commer

cialization recommendations, 1: 152 
role in environmental regulation, 1:23 

· Jndustry fragmentation, 1: 1 20, 123; V:2-3 
caused by regulatory process, V:5 
need to overcome, V: lS-16, 34, 44 

Industry guidelines, IV:SO 
Jnlill drilling, II:42 
INGAA/COPAS Committee, IV:l l , 85, 

107. See also Council of Petroleum 
.Accounting Societies; Interstate 
Natural Gas Association of America 

Integrated resource planning (IRP), 1:4, 
97, 184-185 

advent of, V:29 
demand increases through, ni:32 



electric utility oompliance with, m: 132-133 
electricity demand and, m:93-94 
enviromnental externalities in, 1: 143 
purchasing reviews and, V:34, 36 
recommendations regarding, V:47 

Internal Revenue Code, Section 29, 1:96; 
11:27, 99, 123, 124, 251 , 306 

Interruptible customers, 11:270; m: l5, 74-75 
Interstate Natural Gas Association of 

America (INGAA) 
industry support for, IV: l l  
marketing support by, 1: 180 
pipeline capacity data from, IV:4, 36 
Power Generation Task Force, 1: 165, 189 

Interstate Oil and Gas Compact Commis
sion 

models developed by, V:34 
vision for natural gas industry, 1: 188-189 

Interstate pipeline systems, 1:27, 28, 35 
Interstate pipelines 
effect ofF'ERC Order 636 on, IV: 10-1 1 
as monopolies, 1:29 
open-access transportation on, 1:27 
regulation o( l: 15, 27, 126 
tests for oonstruction of, V:8 

Intrastate market, 1:27 

J 
Joint research 

attempt by government to sponsor, 1: 16 1  
with government and industry, 1:20 
need for, 11:302, 304 

Jurisdiction, V: 14 
Just and reasonable rates, 1:29 

L 
leadership 
efforts to improve, 1: 188 
focus group results regarding, 1: 188 
importance of, 1: 187-188 
to overoome industry fragmentation, 

V: lS-16  
problems with industry, V:43 
recommendations regarding, 1:23, 188-190 

leasing, 1:21 '  145 
least cost standards, V:30 
lewin and Associates, 11:97 
Light-handed regulation, IV:32; V: 17 
Line pack, IV:43 
Liquefaction costs, 11:214 
Liquefied natural gas {LNG) 

from Algeria, 1:34, 78; 11,9, 201-203, 206, 
214, 215; IV:21  

condlusions regarding, II:216  
explanation of, 11:200-201 
impact on U.S. supply, II: 143 
importation o� 1:8, 34, 78; 11:201 
from Nigeria, 1:78; 11:9, 202, 206, 2 14  
from Norway, 1:78; 11:9, 206 
outlook for, 11:214-216, 279 
receiving terminals for, 11:210-21 1 , 2 13  
resource overview of, 11:9, 1 45 
shipping costs for, 11:214 
study assumptions regarding, 11:2 13-2 14 
summary of, 11:200-201 
suppliers of, 11:201-202 
supply outlook for, 11: 147-1 48 
terminals for, 11:210-213 
from Venezuela, 1:78; 11:9, 206 
vessel availability for, 11:206, 210 

Liquefied petroleum gas (LPG), m:67 
Load nexibility, 11:292-293 
Load management, III:93 
Local distribution companies (IDCs) 

customer orientation efforts by, 1:22 
description o� 11:295-296 
economic test criteria of, III:34 
gas procurement reviews, V:30 
marketing approaches of, 1: 179, 181  
number of, 1 :  169; 11:291 
overview of, 1:27 
purchase of futures contracts, 1: 16  
regulation o� 1: 185-186; V: l 9  
R&D and, 1: 154-156; ill: l49, 1 5 1 ,  152 
services provided by, m: l5 
transportation contracts with, IV:90 
unbundling of sales and transmission 

services, 1: 126; IV: l l ; V:9 
Long position (financial), 1: 172 
Longwall mining, 11: 139 
Low-permeability gas, 11:55, 197- 198 
Lower Permian Systems, II: 134 

M 
Managerial risk, 1: 17 4 
Manufactured gas, 1:27 
Manufacturing Energy Consumption Sur

vey (MECS), III:61 ,  65, 72, 75 
Marine Mammal Protection Act, 1: 138; 

11:261 
Marine Protection, Research and Sanctu-

aries Act of 1972, 1: 138; 11:261 
Marine Sanctuary Program, 1: 138 
Market barriers, V: 12  
Market-based pricing, IV:80 
Market-Clearing price, 1: 15 
Market development, IV: 15-23 
Market dominance, V: 13 
Market forces, 1: 15-16; V:32 
Market hubs, IV:00-91 
Market Orientation Program Planning 

Studies (MOPPS), 11:327 
Market penetration 

factors favoring increased industrial, 
m:77-78 

in residential sector, m:29 
Market power, V:2, 13 
Marketers 

contracting considerations for, 11:292 
training programs for gas industry, m: 1 i2 

Marketing 
and competition within industry, 1: 183- 184 
customer orientation and , 1: 17  
demand-side technology and, 1: 181- 183 
effect of regulation on, 1: 185-186 
focus for, 1: 180-181 
in gas industry, 1:28 
industry capability for, 1: 179-180 
industry potential for, 1: 177-178 
needs regarding, V:40-41 ,  43 
overview o� 1: 177 
past effectiveness of, 1:2-3, 39 
of power generation, 1: 184-185 
recommendations regarding, 1: 178-179 
special programs in, 11:272 

Marketing companies 
emergence of, 1: 179 
reliability as issue for, I: 164 
role of, V:42 

Markets. See also Competitive markets 
expanding, 1:2-3 
in Canada, 11: 154 
for Canadian natural gas, II: 154- 155 
competition in, IV:7 1-72 
development of, I:31 ,  1 72, 181 
diversity of natural gas, I :  10 ,  12  
electric utility, I:32 
generation ofRD&D flmds toward vari-

ous, m: l 47-149 
industrial, I: 1 4, 32 
interstate and ilitrastate, I: 27 
for natural gas vehiCles, 1: 15, 181 ;  m: l44-

145, 1 48  
overview of natural gas, 1:97-98 
price-sensitive sectors in, IV: 15-17 
regulation evolving toward reliance on, 

I: l2 1 - 122; V:3-4 
residential and oommercial, I: l2, 14, 31-32 
trends in energy, m: l 62 

Maryland Peoples Counsel, V:21 
Massive hydraulic fracturing, 11:99 
Maximum lawful prices, I:30 
Methane 

coal mine fires due to, 1:34 
emissions, II: 1 40 
leakage of, IV:93 

Mexican natural gas 
conClusions regarding, II: 193-194 
exports to U.S. , 11: 189, 190 
overview of, 1:33; II: 177 -178; IV:2 1 
potential for, 1:92; 11:23, 1 43 
processing of, 11: 181 ,  184 
production and deliverability of, 11: 181 
study analysis regarding, 11: 190-192 
study assumptions regarding, II: 190 
supply, 11: 146-1 47, 180-184 
transportation system for, II: 184-186 

Mexico, 11: 1 77-1 94 
energy demand in, 11: 186, 188 
energy policy in, II: 179 
enviromnental policy, 11: 179-180 
gas trade between U.S. and, 11: 188- 189 
imports from, IV:21  
national oil company of, II: 177-181 ,  184 
as net importer of natural gas, 11:9 
North American Free-Trade Agreement 

and, 11:28 1 ,  282 
oil and gas industry in, II: 178 
overview of, II: 1 77-178 
resource base in, 1:8-9, 78; 11: 145, 180-181 
U.S. exports to, 11: 1 43, 188, 189-194 

Minerals Management Service, 11:44, 60-61 
Minimum service standards, V:8 
Mining, longwall, Il: l39 
Mining operations, II: 139- 140 
Mobile use , III:67 
Modeling approach, 1:42-50, 81-82; 11: 12-

13; ill: l 56. See also Reference Cases 
Modularity, III:92-93 
Monopolies 

gathering systems and, IV: 103 
regulation of costs of natural, V: lS-16  

Moratoria 
de facto, 1: 137; 11:259 
on Outer Continental Shelf, 1:5, 82, 134, 

135; 11: 13,  235-236, 259-260 
Multi-family units, m: l9 
Multiple zones, II: 125 

IN-7 



N 
National Ambient Air Quality Standards 

(NAAQS) pollutants, ni:29 
National Appliance Energy Conservation 

Act. 1: 186; m:3Z-33 
National .Association of Regulatory Utility 

Commissioners, 1: 1 27 
National Association of State Legislators, 

1: 127 
National Energy Board (Canada), 11: 159, 

160; IV:6 
National Energy Policy Act of 1992 
impact on natural gas vehicles, m: 144 
requirements \Ulder, m: 141-142 
stimulation of interest in clean-burning 

alternative fuels by, m: 139 
National Energy Strategy (NES), 1: 153; 

11:38; ni:9, 141 ,  153; IV: l0- 1 1  
National Environmental Policy Act, 1: 1 37; 

11:233; IV:59 
National Governor's Association, I: 127 
National Historic Preservation Act, IV:59 
National Marine Sanctuary program, 11:261 
National Park System, I: 137; 11:259 
National Regulatory Research Institute, 

V:35, 36 
Natural Gas Act of 1938 (NGA), 1:28-29, 

1 'll ; 11:266-267, 286; IV:25 . 
explanation of, m: 1 1  
problems stemming from, V: 1 9  
regulation of rates and services \Ulder, 

IV:28 
Section 7(c), IV:30 

Natural gas consumption, 1:4, 26. See also 
Energy consumption 

and ability to supply electric loads, IV:99 
commercial, 1:98, 100; m:41,  1 79-180. 

See also Commercial sector; Residen
tial and commercial sector 

data regarding, IV:4, 15 
for electric generation, I: lOZ- 103; m: l 97-

198 
industrial. 1:28, 100-102: m:59, 187-188. 

See also Jndustrial sector 
by natural gas vehicles, 1: 1 03- 104; 

ni: l 42, 180-181  
potential variation in 1ilture energy and, 

ni: 199 
residential, 1:98, 100; ni: l9-22, 26. See also 

Residential and commercial sector; 
Residential sector 

variation among regions and various 
sites in, ni:90-9 1 

Natural Gas Co\Ulcil 
actions on reliability issues, I: 17 ,  22 
commercialization recommendations to, 

1: 152 
ftmction ot 1:96, 97 
leadership issues and, I: 188 
role in assisting industry to meet cus

tomer needs, I: 180 
vision for natural gas industry, I: 188 

Natural Gas for Electric Generation: The 
Challenge of Gas and Electric Industry 
Conelation (Electric Power �arch 
Institute), IV:99 

Natural Gas Pipeline Safety Act of 1968, 
IV:95 

IN-8 

Natural Gas Policy Act of 1978 (NGPA), 
1:34, 1 7 1 ;  11:287; ni:91 

curtaibnent plans based on end use in, 
IV:83 

discussion ot 1:30; 11:27 1 ;  ni: l2 
enactment ot V:20 
impact of, I: 1 72 
liquefied natural gas and, 11:201 
purpose ot IV:26 
recognition of tight gas and, 11:92 
Section 3 1 1 ,  IV:30 
weDbead deregulation by, 1: 1 13; IV:61  

Natural gas prices. See also Energy 
prices; Fuel prices; Prices; wen
head prices 

attempts to regulate, 1:29 
consumption rates based on, ni:32 
deregulation ot 1:30 
as encouragement for use in electric 

generation. ni:91 
evaluation of concerns about 1ilture sup

ply and, m:99-lOO 
expectations regarding, ni:98, 1 10, 1 64-

165 
findings regarding, 1:5 
used in Reference Cases, m: 1 66-167 
volatility of, I: 164 

Natural Gas Reliability Council 
possible tasks for, I: 167 
recommendation regarding formation ot 

1: 17 ,  22, 1 16, 1 66-167; IV: lO, 84, 86 
Natural gas service providers, 1: 15, 1 7 1 ,  

172 
Natural Gas Supply Association, 1: 180 
Natural gas trade. See also Exports; 

Imports 
attempts to liberalize policy for, 1:95 
backgrO\Uld of, 11:279-280 
benefits of, 11:283 
cost of, 11:283-284 
and goals for North American Free-

Trade Agreement, 11:281-282 
impact of, 11:284 
incentives to enhance, 11:282-283 
policy and regulatory restraints on. 

11:280 
recommendations regarding, 11:284 
SI.DDJDary of, 11:279 
U.S.-Canaclian, 11:280-281 .  See also 

Canada; Canadian natural gas; 
Canadian natural gas resources 

Natural Gas Vehicle Coalition, m: 142, 150 
Natural gas vehicles (NGVs) 

baclcgrO\Uld of, m: 139-140 
natural gas consumption by, I: 103-104; 

m: I80-181 
natural gas demand for, 1:69; Ill:'l-8 
obstacles to growth of, ni: 143-145 
.overview ot 1: 14 
potential marlcet for, m: 140-142 

Natural Gas Wellhead Decontrol Act, 
IV:6 1  

Naturally OCCUIIing radioactive material 
(NORM), 1: 138; 11:236-237, 263 

Negotiated rates, IV:SO 
Network: Reliability Co\Ulcil, I: 165 
New Fields category 

discovery potential in, 1:91-92; 11:22-23 
explanation of, I:'l7 
exploration efficiency and, 11:227-228 

New gas from old lields, 11:42 
NewYork Mercantile Exchange (NYMEX) 

natural gas futures, 1: 174, i 75 
NewYork State Gas .Association, m: 1 49 

Nigeria 
liquefaction costs for, 11:2 1 4  
liquefied natural gas from, 1:78; 11:9, 202, 

206, 2 1 4  
No-notice transportation, IV: lO, 27, 32 
Non Destructive Evaluation (NDE), IV: 107 
Non-fuel operating costs, ni:92 
Non-utility generation 

coal, natural gas, and petrolemn used 
by, m:85 

data regarding, ni:SS-86 
role in supplying demands for electric

ity, ni:84 
Nonconventional gas 

research and policy recommendations 
for, 11: 1 10 

speculative sources for, 11: 138-141  
Nonconventional gas resource base. See 

also Coalbed methane; Devonian and 
Antrim shale; Shale gas; Tight gas 

assessment of, 11:33-34 •· 
discussion o f,I:77-78; 11:8-9, 1 1  
explanation of, 1:34 
SI.DDJDary of, 11:91-92 
supply dynamics and, 1:80 

Non-utility generators, 11:294-295 
North American Electric Reliability Co\Ul

cil, 1: 165, 1 66; IV:85 
North American Free-Trade Agreement 

(NAFI'A), 1:95; 11:26, 279, 281-282, 284 
North American Regional Gas Model, 

11: 166 
Northern Appalachian Basin, 11: 134-136 
Norway, liquefied natural gas from, 1:78; 

11:9, 206 
Notice ofPropa;ed Policy Statement on 

Incentive Regulation (FERC), IV:72 
Notification requirements, I: 131 
Nuclear generating units 

list oru.s., m: 1 2 1- 1 22 
repowering \Ulcompleted or retired, 

m:90 
NYSERDAprogram (New York State), 

m: Iso 

0 
ocs Lands Act, 1: 137 
Offshore drlDing costs, 11:66-67 
Offshore facilities costs, 11:67, 69-70 
Offshore operating costs, 11:79-80 
on 
competition to natural gas industry, 111:96 
concems regarding reliance on im-

ported, m:92 
contracts for, 11:290 
demand in industrial sector for, ni:67 
industrial bulk use of, 111:67 ,  70 
prices in scenarios, 1:51 

on and Gas Integrated Field FU.e, 11:45 
OR-equivalent gas, 11:52 
on Pollution Act of 1990, 1: 138; 11:264 
"One call" public utility programs, IV:88 
Onshore drlDing costs, 11:64-66 
Onshore facilities costs, 11:67 
Onshore operating costs, 11:70, 78 



Open access, V:21 

availability of, IV: l 0-1 1 

participation in, IV:27, 62 

transition to, 1:28, 35 

Open-access rate schedules, IV:28-29 

Open-access regulation, IV:3 l-32 

Open-access transportation 
advent of, 1:27 

FERC Order 436 and, n:288, 290 

transition to, 1:3 1  

Open hole completions, n :  1 25 

Operating costs 
non-fuel, m:92 

offshore, 11:79-80 

onshore, 11:70, 78 

used in Hydrocarbon Supply Model, 
n:64-65 

Operating guidelines 
pipeline deliverability and, IV:83 

reconunendations for development of, 
1: 1 1 7;  IV: 1 1 , 68, 84 

role offederal, state, and local ofticials in 
addressing, IV:83 

Operating procedures, IV:83-65 

Operational balancing agreements, 1: 16 ;  
IV:85 

Option Cases, 1:65-70 

Optional Expedited Certificate, IV:30; 
V:24 

Options, financial, 1: 1 75- 1 76 

Outer Continental Shelf (OCS) 
access issues regarding, 1: 1 36 

leasing moratoria in, 1:6, 82, 134-1 38; 
n: l 3, 235-236, 259-260 

timing assumptions and distribution of 
1.U'ldiscovered resources for, n:243, 246 

Output mix, m:63-64 

p 
Peak-day capability 

data regarding, IV:4 

estimates for, IV:38, 40 
transmission and storage system, IV:4 

Peak-day demand, IV:48-49 

Peak-day loads, IV:44-45, 47 

Peak-Day Model, 1: 1 10-1 1 2: IV:4, 6 

Peak days, ability to deliver gas during, 
1:2, 9 

Peak loads 
estimates for future electricity, m l34 

gas-fired generating units used in gener
ation ot; m: l03 

study ot: m: l 03 

Peak-shaving facilities 
operation of, IV:43 

pipeline transportation supplemented 
by, IV: l 3  

Peaking units, n:294: m:90 

PEMEl{ (Petroleos Mexicanos), II: 177- 1 8 1 ,  
1 84 

Pennsylvania Energy Oflice, m: 150 

Pennsylvanian Pottsville formation, n: 125 

Permitting, 1: 139- 145 

Petroleum Storage & Transportation (NPC), 
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right-of-way issues, 1: 139; IV:94 

safety issues, IV:95-96. See also Safety 
Planning, strategic review of, V:35 

Play, n:52 

Point of discharge controls, 1: 1 3 1  

Pollutants, m:29-30 

Pooling points, 1: 16 

Population 
access to gas mains and density of, 

m:33-34 

and residential demand, m29 

Potential Gas Committee (PGC) 
assessment of resource base by, n:36-38 
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inventory of, 1:6, 33 

Mexican, n: 180 

pipeline certilication process and, 1:73-
74 

Public interest 
considerations for natural gas regulation, 

V: 1 1- 1 2  

definition of, 1: 1 9, 1 25; V:7 , 12 ,  35, 45 
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